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ABSTRACT 


Preshuck  velocity  of  sound  wave*  In  :»l r  were  measured  at  elevation*  of  I1,.  .1,  ami 
6  feel  above  grade  level  at  1,000-  and  2.000- fool  range*  during  Shot  12  over  dene r I  soil, 
wnlcr.  asphalt.  concrete.  Mr  bough*.  and  Ivy 

Twenty- three  of  the  urlglnal  twenty-four  channel*  recorded  velocity  from  less  than 
20  msec  after  detonation  to  shock-wave  arrival.  The  *ound  velocttte*  at  elevation? 
from  l*j  to  (1  feet  above  grailc  level  were  ver)-  *lmllur  and  averaged  around  j  percent 
above  ambient  In  mo*t  cn*e*  Velocities  measured  over  asphalt  water.  ik***ert  soil, 
and  concrete  were  very  similar  In  amplitude  .  Maximum  velocities  occurring  Just  before 
shock  arrival  were  similar  at  the  l.onn  non- foot  ranges  Air  sound  velocities 

were  measured  over  fir  bough*  and  lvy.J/Velocltlc*  measured  above  the  (('•  boughs  were 
the  highest  recorded,  reaching  Is  |>erccnt  above  ambient  at  the  1'j-foot  elevation  Ve- 
lucltle*  over  the’  Ivy  plot  were  similar  to  those  ove-  the  fir  boughs,  however,  the  medium 
over  the  Ivy  appeared  to  be  more  turbulent,  and  consequently  some  data  were  unreadable 
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FOREWORD 

Thl*  report  presents  the  final  reaulta  of  one  of  the  56  project*  comprising  the  Military 
Effect*  Program  of  Opcsatlon  Teapot,  which  Included  U  teat  detonation*  at  the  Nevada 
Teat  Site  In  1955 

For  overall  Teapot  mllltary-effecta  Information,  the  reader  In  referred  to  the 
'*  Summary'  Heport  of  the  Technical  Director.  Military  Effect*  Program,"  WT-1153. 
which  Include*  the  following:  (1)  a  d>  acrlptlon  of  each  detonation  Including  yield,  tero- 
polnt  location  and  environment,  type  of  device,  ambient  atmoapherlc  condition*,  etc., 
(2)  a  dlacuaelon  of  project  reaulta,  (3)  a  aummary  of  the  objective*  ind  result*  of  each 
project,  (4)  a  Hating  of  project  report*  for  the  Military  Effect*  Program. 


PREFACE 

The  author  hereby  trunk*  MaJ  H  T.  Bingham.  Dlrcc.„r.  Program  1;  CDR  W.  M. 

McLellon.  Director.  Program  3.  Lt  Col  J.  J  Holey,  Chief.  Requirement*  Branch,  and 
hi*  a«*!*tant.  LCDR  A  P.  Mlnwegen  for  the  wholehearted  cooperation  they  rendered  to 
Project  1  5  at  all  time* 

Special  praises  are  due  G.  O.  Plcken*.  L.  C  Thompson  and  R.  H  Well*.  Navy 
Electronics  Laboratory  engineers  for  their  capable  work  on  the  Project  15  Instrumentation. 

The  author  gratefully  acknowledges  the  fine  support  given  by  all  people  who  par¬ 
ticipated  In  the  project. 
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Chopter  I 

OBJECTIVES 


Thr  primary  objective  was  u»  determine  preshock  air  sound  velocities  at  elevation*  up 
lo  6  feel  above  l he  ^ruuml  In  ihe  region  where  the  precursor  wave  existed.  |(  was  felt 
that  this  Information  would  lx*  valuable  In  explaining  ihe  generation  of  the  precursor. 

Shot  12  'San  a  2t-kl  device  detonated  on  a  lower  at  400-fool  elevation  and.  consequently , 
fulfilled  th*4  conditions  for  a  precut sor-generattng  shot  tlteferencv  4) 

Measurements  of  preslmck  air  suund  velocity  were  made  over  three  different  blast 
1  ln«  s  (1)  a  regular  Frenchman  Flat  desert  blast  line.  (2)  an  asphalt -covered  blast  line; 
ami  (3)  a  water  covered  blast  line  Velocity  meters  wen  situated  at  the  l.OoG-  and 
2.000-foot  ranges  on  the  first  two  lines  and  only  at  the  1. 000-foot  range  on  the  third 
1  see  Hgure  I  I) 

Also,  measurements  of  preshock  air  sound  velocity  were  mad**  over  three  special 
surface  plots  situated  In  the  vicinity  of  the  2.000-foot  station  on  the  desert  line.  One 
plot  was  com|MJsed  of  concrete,  a  second  of  white  fir  boughs  and  a  third  of  broad  leaf 
cover  or  Ivy  The  dimensions  of  all  plots  were  20  by  30  feet  with  the  shorter  dimension 
oriented  along  the  blast  line 

I  I  DKSKKT  SOU  M  It  FACT 

On  pievlous  tests  (Iteforenres  1.  2.  and  3)  data  were  gathered  on  air  sound  veloc- 
tles  and  air  temperatures  from  1  j  to  54  feet  nlxivc  tleseri  soli.  In  general,  there  were 
negligible  preshock  alr-tem|H’rature  and  or  sonic-velocity  changes  above  the  10-foot 
•evel  over  Nevada  soli  Helow  the  1 0-foot  level,  the  velocities  and  temperatures  wire 
known  to  be  above  ambient  but  no  gradient  had  been  established.  Also,  only  meager 
(Lata  of  this  type  had  ever  been  taken  In  the  /.one  of  Interest  on  previous  precursor- 
generating  shots 

1.2  ASI’UAI.T  SUUFACh 

Asphalt  Is  n  convenient  ground  cover  which  lends  to  absorb  most  of  the  thermal  ra¬ 
diation  Incident  u|>on  It  It  lends  to  emit  smoke  and  also  to  Impart  its  heat  energy  to  tl." 
air  by  conduction  and  convection  The  preshock  air  sound  velocities  over  this  surface 
are  of  Interest  In  explaining  blast-wave  performances  over  dust-lree,  thermal -absorbing 
surfaces. 

13  WAT  Kit  Sl’HFACK 

Water  Is  probably  the  cheapest  and  mos*  feasible  highly  reflecting  surface  available 
It  was  expected  that  Ihe  air  above  the  water  surface  would  not  change  in  temperature, 
since  the  surface  Itself  would  not  absorb  thermal  radiation  ami.  hence,  could  not  trans¬ 
fer  lls  heal  lo  the  air  by  conduction  or  convection. 
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14  SPECIAL  SURFACES 


In  Upshot- Knothole  Shot  9,  air  sound  velocities  were  measured  over  three  different 
plots  of  white  fir  boughs.  Plof  dimension*  were  40  by  28  feet  velocities  measured 
were  two  to  three  times  ambient 

A  similar  plot  of  white  fir  bough*  was  set  up  at  2.000-foot  range  on  the  desert  line 
In  Teapot  Shot  12.  Also,  a  plot  of  broad  leaf  cover  or  Ivy  and  a  plot  of  ordinary  concrete 
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Figure  1.1  Blast  line  layout  showing  positions  of  Project  1.5  (NEL)  sound 
velocity  meters. 

were  situated  at  the  same  location.  Dimensions  of  these  plots  were  30  by  20  feet. 

Thermal  effects  on  these  special  surfaces  are  apt  to  be  quite  different  from  those 
occurring  on  the  ordinary  desert  terrain.  Consequently,  for  a  relatively  small  cost, 
comparisons  of  preshock  air  sound  velocities  over  different  plots  can  be  made.  This 
In  turn  might  Indicate  varlatlot.s  In  blast-wave  performance  over  the  various  surfaces. 
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Chapter  2 

RESULTS 

The  graph*  of  Figures  2.1  through  2  10  depict  the  recorded  value*  of  the  velocity  of  sound 
In  air  from  zero  time  (time  of  detonation)  to  the  arrival  of  the  *hock  wave  for  23  of  the 
original  24  channel*  The  lVj-foot  elevation  meter  at  the  1,000-foot  range  on  the  water 
line  failed  at  detonation. 

The  point*  that  appear  on  the  curve*  are  the  actual  value*  taken  directly  from  the 
raw  data  —  no  averaging  of  any  aort  ha*  been  done.  Dlacrepancle*  between  these  curve* 
and  those  In  the  preliminary  Project  1.3  report  (ITR  — 1104).  resulted,  since  for  thl* 
report  travel  time*  aero**  the  air  path  have  been  read  with  the  greater  accuracy  of  the 
3,200-cp*  carrier  Instead  of  the  100-cpc  modulating  signal 

In  order  to  roughly  compare  alr-sound-veloclty  change  with  air-temperature  change, 
the  conversion  2  ft/s/’C  may  bo  used  with  the  trental  reservation  that  It  applies  strictly 
to  clean  air  whose  chemical  composition  does  not  change 

2.1  DESERT  SAND.  ASPHALT,  AND  WATER. 

1.000-  FOOT  GROUND  RANGE 

Figure  2.1  depicts  the  change  In  the  air  sound  velocity  from  detonation  to  shock 
arrival  at  elevations  of  l'/j  ,  3  and  6  feet  above  sand,  asphalt,  and  water  surfaces  at  a 
ground  range  of  1,000  feet  These  curves  Indicate  a  velocity  Increase  rate  of  approxi¬ 
mately  1  ft/sec/msec  Irrespective  of  elevation.  The  magnitude  of  the  velocity  change 
also  seems  to  be  Independent  of  the  surface.  The  fact  that  the  sound  velocity  over  the 
water  Is  higher  than  over  the  other  surfaces  is  not  considered  significant.  This  veloc¬ 
ity  differential  represents  approximately  0.2  msec  out  of  5.0  msec  total  signal  travel 
time  from  one  diaphragm  to  the  other,  o  feet  away  It  Is  possible  that  the  greater  re¬ 
flectance  of  the  water  surface  caused  the  microphone  horns  In  the  Instruments  on  the 
water  line  to  receive  more  radiation  than  those  on  the  other  lines.  A  small  hlgh- 
temperature  region  close  to  the  transducer  horns  could  easily  account  for  the  Indicated 
change  In  transit  time. 

The  same  curves  shown  In  Figure  2.1  ore  plotted  individually  In  Figures  2.2  through 
2.4,  these  Include  the  shock-arrival  Instants  in  each  case. 

2.2  DESERT  SAND,  ASPHALT,  AND  CONCRETE; 

2,000-  FOOT  GROUND  RANGE 

In  Figure  2.5  preshock  air  sound  velocities  over  desert  soil,  asphalt,  and  concrete 
surfaces  at  2,000-foot  ground  range  are  plotted  versus  time.  The  first  velocity  In¬ 
creases  occur  about  70  msec  after  detonation  at  this  range  compared  with  40  to  50  msec 
at  the  1,000-foot  ground  range.  After  this  the  rate  of  increase  at  the  three  elevations 
at  2,000-foot  range  Is  approximately  0.8  ft/sec/msec.  After  250  msec  there  Is  little 
velocity  Increase  at  any  elevation  or  ever  any  of  the  three  surfaces.  At  neither  the 
1,000-foot  nor  the  2,000-foot  range  do  the  velocity  magnitudes  reach  1,300  ft/sec  at  any 
elevation  or  over  any  surface  so  far  considered. 
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In  figures  2  6  through  2  h  the  tame  curve*  depicted  in  Figure  2  5  are  presented 
along  with  the  respective  shock-arrival  time* 


2  3  FIR  ROUGHS  AND  IVY 

Preshock  air  sound  velocities  over  a  surface  of  shite  fir  boughs  and  an  ivy  «urface 
are  depicted  for  rlcvalion*  of  l1,.  3,  and  6  feel  in  Figures  2  9  and  2.10,  respectively. 
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Figure  2.1  Preshock  air  sound  velocity  versus  time,  1000-foot  range,  over 
desert,  asphalt  and  water  surfaces. 
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Judging  from  the  dixturllon  of  the  recorded  signal*  (Appendix  K),  extreme  turbulence 
emitted  over  the  Ivy  plot,  much  more.  In  fact.  than  over  any  other  surface  The  velocit) 
recorded  over  the  white  fir  bough*  at  l'/i-foot  elevation  wax  the  highest  recorded  on  any 
channel  —  It  exceeded  1.300  ft/sec  This  doe*  not  Imply,  however,  that  an  equally  high 
velocity  did  not  occur  over  the  Ivy  plot  where  the  medium  wo*  »o  turbulent  that  the 
recorded  sound  wave  waa  too  distorted  for  any  velocity  determination  to  be  mad”. 


Figure  2.2  Preshock  air  sound  velocity  versus  time,  1000-foot  range,  over 
desert  surface. 
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Figure  2.3  Preshock 
asphalt  surface. 
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Mgure  2.4  Preshock  air  sound  velocity  versus  time,  1000-foot  range,  over 
water  surface. 
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Figure  2  5  Preshock  air  sound  velocity  versus  time,  2000-foot  range,  over 
desert,  asphalt  and  concrete  surfaces 
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Figure  2.9  Preshock  air  sound  velocity  versus  time,  2000-foot  rango,  over 
a  20-by-30-foot  plot  of  white  fir  boughs. 
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Figure  2.10  Preshock  air  sound  velocity  versus  time,  2000-foot  range,  over 
a  20-by-30-foot  plot  of  ivy. 
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Chopper  3 

INSTRUMENTATION  AND  REMARKS’ 

The  data  taken  by  Project  15  during  Shot  12  were  consistent  In  themaelvea.  but  were  not 
consistent  with  temperature  data  token  over  the  same  surface*  by  Project  h  4e  Also, 
neither  project’*  data  were  compatible  with  current  blast-wave  theory  a a  applied  to  the 
preaaure  data  taken  by  other  project*  {Reference*  5,  6,  and  8). 

The  preahock  aound  velocltlea  measured  by  Project  1.5  were  about  half  a*  large  aa 
thoae  predicted  from  peak  preaaure.  ahock  arrival,  and  precuraor  angle  photographic 
data  It  therefore  acema  appropriate  to  examine  the  1.5  inatrumenta  and  determine  If  the 
record*  obtained  were  reasonably  correct,  or  Ifpcrhapa  there  were  aomc  baalc  defl- 
denclea  In  the  Inatrumenta  and  the  reaulta  obtained  therefore  not  a  true  representation 
of  the  phyalcal  picture. 

On  thla  baala.  an  attempt  will  be  made  In  thla  chapter  to  anawer  the  question*  asked 
about  these  Instruments  by  many  Interested  parties  since  the  contradictory  data  were 
first  reported  In  the  preliminary  report  In  addition,  the  results  of  several  supplementary 
testa  of  the  Instruments  will  be  dlscuaaed. 


3  1  BASIC  SOUND  VELOCITY  METER 

The  basic  sound  velocity  meter  used  on  Teapot  was  the  same  type  ns  that  previously 
used  by  Navy  Electronics  Laboratory  (NEL)  In  measurement*  made  at  Tumbler  and 
Upshot -Knothole,  It  consisted  of  two  transducers,  one  used  as  a  loudspeaker,  the  other 
as  a  microphone  The  distance  between  the  transducer  dlaphiagms  was  fixed  at  6  feet 
The  acoustic  signal  which  traveled  between  these  transducers  was  a  3,200-cps  carrier, 
amplitude-modulated  by  a  100-cps  sinusoid  (see  Figure  3.1). 

The  signal  from  the  microphone  terminals  was  compared  In  time  delay  with  the 
signal  entering  the  terminals  of  the  loudspeaker.  The  difference,  when  the  correct 
phase  adjustments  were  made,  was  the  time  of  travel  between  the  diaphragms  The 
quotient  of  the  Inlerdlaphragm  distance  and  the  Interdlaphragm  travel  time  was  the 
velocity  of  sound  In  the  medium  between  diaphragms,  assuming  a  straight -line  acoustic 
path  between  diaphragms.  The  aforementioned  phase  adjustments  were  made  because 
IN'  carrier  had  to  pass  through  Indupllve,  capacitive,  and  resistive  elements  and  their 
equivalents  In  the  various  electronic  circuits.  These  caused  a  phase  shift  of  the  car¬ 
rier  (the  phase  shift  In  the  modulating  signal  was  of  this).  Although  the  shift  was 
very  small.  It  was  nevertheless  corrected  by  use  of  a  phase-shifting  network. 

The  'ransducers  were  Model  802-C  Altec-Lanslng  high-frequency  driver  units 
capable  of  operating  both  as  loudspeakers  and  as  microphones  over  the  range  from 
1  to  10  kc.  Adequate  directionality  wns  obtained  by  coupling  both  transducers  to  the 
air  medium  by  means  of  conical  horns.  These  horns  had  1-inch  throats,  a  total  Dare 
angle  of  2  arctan  Vj  and  mouths  9  Inches  In  diameter;  these  were  adequate  to  prevent 
acoustic  crosstalk  between  adjacent  field  channels. 


1  Further  details  of  Instrumentation  are  Included  In  Appendix  A. 
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Admittedly,  part  of  the  measured  medium  wa*  Inside  the  born*  and  transducer*, 
however,  thia  amount  waa  email  In  comparison  with  the  total  path  lencth.  and  the  error 
introduced  waa  email  (leaa  than  2  percent  for  the  velocities  measured) 

3.2  CHANCES  IN'  INSTRUMENTATION 

To  eliminate  a  bothersome  transient  condition  which  occurred  for  as  much  as  V, 
second  after  detonation  on  the  cioee-ln  NEL  velocity  meters  on  previous  tests,  several 
ma)or  modifications  were  made: 

1  The  AVC  (auiomatlc-volume-control)  system  used  In  previous  tests  was 
eliminated  Its  function  was  to  boost  the  microphone  output  voltage  when  the  microphone’s 


Figure  3.1  Sound  velocity  meter  transducers  used  on  Upshot-Knothole. 
(These  are  same  as  used  on  Teapot,  except  for  higher  elevation  and  smaller 
diameter  horn  on  microphone). 


input  acoustic  signal  became  weak.  Although  the  AVC  performed  satisfactorily  in  the  job 
for  which  it  was  designed,  It  tended  to  maintain  high  voltage  levels  for  long  periods  when 
once  triggered  by  the  electromagnetic  transient  at  weapon  detonation,  which  led  to 
spurious  velocity  readings. 

2.  Carefully  designed  line-balancing  transformers  were  used  to  suppress  longitu¬ 
dinal  currents  Induced  on  the  lines  at  detonation. 

3.  The  number  of  components  per  channel  was  drastically  reduced.  Whereas  20 
vacuum  tubes  per  channel  were  used  before,  only  5  were  used  on  Teapot.  This  In¬ 
creased  the  probability  of  operating  throughout  a  test  without  failure. 

4.  Design  changes  enabled  NEL  to  move  most  of  the  fragile  electronic  equipment 
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from  the  blast-line  Instrument  shelters  which  were  within  2,000  feet  of  ground  zero  bacx 
to  the  recording  van  7,000  feet  from  ground  zero.  This  protected  the  electronics  from 
tjoth  the  seismic  shock  and  the  Intense  e'cctromagnctlc  transient  at  detonation. 

S-  lUnd-pass  filters  were  used  at  the  terminations  of  all  the  long  transmission 
lines  to  pass  the  carrier  and  side  bands,  and  yet  eliminate  much  of  the  side-band 
electrical  noise. 

6.  The  actual  modulated  carrier  that  crossed  the  air  gap  was  recorded  on  magnetic 
tape  together  with  a  series  of  reference  spikes.  The  shifts  In  time  position  of  this 
carrier  referred  to  these  spikes  conveyed  the  Information  of  variations  in  time  delay 
across  the  air  gap 

In  previous  tests  the  carrier  was  demodulated  and  the  resulting  100-cycle  signal 
was  converted  Into  a  series  of  spikes  at  the  poaluve-slope  zero  crossings.  The  signal 
spikes  of  one  polarity  were  recorded  on  magnetic  tape  with  reference  spikes  of  opposite 
polarity  Shifts  In  time  positions  of  the  signal  spikes  denoted  the  variations  In  lime 
delay  across  the  air  gap.  The  Teapot  system,  which  recorded  the  basic  sound  signal 
rather  than  a  spike  derived  from  (his  signal,  is  felt  to  be  superior  because  better  Insight 
Into  the  system's  operation  Is  afforded. 

3.3  PRELIMINARY  ELECTRONICS  TEST 

On  29  March  1955.  a  test  of  the  system  was  made  on  Shot  8  to  determine  the  effec¬ 
tiveness  of  the  aforementioned  Instrumentation  changes  before  using  the  equipment  on 
Shot  12.  Five  complete  channels  of  Instrumentation  were  set  up  at  Area  T-4  In  Yucca 
Flat  nt  a  ground  range  of  2,750  feet.  In  addition,  a  sixth  channel  was  established  which 
was  complete  in  every*  detail  except  one;  the  4-termlnai  network  of  two  transducers, 
coupled  by  horns  to  the  ulr  medium,  was  replaced  by  an  electrical  4-tormlnal  network 
which  had  the  same  transmission  characteristics  as  the  other  under  ambient  conditions. 
The  results  of  the  six  channels  on  this  test  were:  (1)  no  objectionable  transients  oc¬ 
curred  at  detonation  on  any  channels;  the  transients  that  did  occur  were  of  short  duration, 
approximately  0.02  second  long;  (2)  no  significant  alr-sound-veloclty  changes  occurred; 

(3)  on  the  five  regular  clumnds  the  pressure  amplitude  of  the  sound  signal  through  the 
air  decreased  markedly  after  detonation;  In  fact,  the  one  meter  at  lVj-foct elevation 
dropped  to  a  level  of  the  ambient  sound-pressure  amplitude;  and  (4)  the  "  dummy  - 
atr-pnth"  chnnnel  (sixth  channel)  did  not  show  any  variations  in  signal  amplitude 
whatsoever. 

It  was  concluded  from  this  exj>crlment  that-.  (1)  the  removal  of  the  AVC  had 
eliminated  the  serious  transient  problem;  (2)  the  long  ground  range  (2,750  feet)  and  un¬ 
expectedly  small  weapon  magnitude  (15  kt)  had  prevented  any  noteworthy  preshock  nlr- 
sound-vcloclty  Increase;  and  (3)  there  was  a  phenomenon  causing  attenuation  of  the 
original  signals — either  occurring  In  the  air  path  or  In  the  transducers  themselves  but 
was  definitely  not  In  the  electronics  (see  Results  3  and  4  above). 


3.4  TRANSDUCERS  AND  THE  AIR  PATH 

The  orientation  of  the  transducers  In  Shot  12  was  along  radii  from  ground  zero  with 
the  loudspeaker  In  all  cases  pointing  away  from  and  the  microphone  pointing  toward 
ground  zero.  Although  In  retrospect  it  would  appear  wiser  to  have  oriented  the  trans¬ 
ducers  across  the  lines,  this  was  not  done  In  the  Interest  of  not  changing  the  test  con¬ 
ditions  from  those  of  Upshot-Knothole  and  Tumbler.  The  reason  that  the  Instruments 
were  so  oriented  on  Tumbler  in  the  first  place  was  to  measure  the  post-shock  materia] 
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velocities  In  case  ihc  instrument*  were  capable  of  operating  in  that  period,  a  condition 
which  unfortunately  never  existed 

A  comparison  of  on-the-line  versus  across-lhe-llne  orientation  was  made  on  Upshot- 
Knothole  Shots  9  and  10  for  transducers  at  elevations  of  10  feet,  and  the  differences  In 
their  presbock  performances  were  inconsequential .  One  might  argue  that  at  the  10-foot 
elevation  little  velocity  difference  should  occur  anyway  for  the  two  cases,  since  there  is 
practically  no  sound-velocity  change  at  this  elevation. 

However,  the  insides  of  the  microphones*  horns  and  the  fine  copper  screens  in 
their  throats  were  directly  exposed  to  the  thermal  radiation  In  both  Upshot -Knothole 
Shot  10  and  Tcaoot  Shot  12  and  under  similar  conditions  of  yield  and  relative  location. 

In  Upshot -Knothole  Shot  10  those  Instruments  oriented  along  the  blast  line  gave  the  same 
sort  of  records  as  those  oriented  across  the  blast  line  at  the  same  elevations  (see  fig¬ 
ures  3.15  and  3. 18.  Iteference  2)  However,  the  microphone  horns  used  lu  Upshot- 
Knothole  were  only  Vj  wavelength  (of  the  carrier)  from  mouth  to  throat  while  those  used 
on  Teapot  were  1  Vj  wavelengths  long.  More  will  be  said  about  this  in  Section  3.6. 

Since  the  Upshot -Knothole  records  were  derived  and  not  basic  raw  data,  as  were  the 
Teapot  records,  there  is  no  way  of  telling  if  there  was  an  amplitude  change  in  the  acoustic 
signals  received  by  the  microphones.  But  even  if  there  was.  there  was  no  noteworthy 
velocity  shift  in  the  on-the-line  meters  as  compared  with  the  across-lhe-llne  meters. 

In  short,  thermal  radiation  on  the  horns  did  not  cause  any  significant  sound-velocity 
changes  to  occur  on  the  Upshot -Knothole  Shot  10  tests  under  conditions  very  similar  to 
Teapot  Shot  12 

The  free-alr  directivity  pattern  at  3  2  kc  of  the  loudspeaker  and  microphone  used 
in  the  Teapot  Shot  12  sound-velocity  measurements  is  shown  in  figure  3.2.  This  pattern 
was  made  with  a  loudspeaker  and  l's  horn  at  an  elevation  of  SO  feet  above  the  ground 
surface.  Because  of  symmetry  the  pattern  mny  be  rotated  about  its  axis  to  establish 
the  three-dimensional  space  pattern  (ignore  minor  variations  between  the  right  and  left 
sides  of  figure  3  2).  The  role  of  the  transducer  horn  is  an  Important  one.  This  is  the 
device  which  prevents  acoustic  crosstalk  between  adjucent  channels  and  minimises  the 
effectiveness  of  sound  rays  crossing  the  air  gap  by  multiple  paths  The  danger  from 
this  last  comes  from  a  signal  which  crosses  the  gap  at  some  average  velocity  over  a  path 
length  which  is  unknown  If  a  single  ncoustlc  rny  were  to  trnvel  between  transducers  by 
a  devious  route  the  sound  velocity  found  by  C  ■  O/t  would  be  Incorrect,  for  although  the 
travel  time  t  would  be  correctly  measured.  L)  would  not  be  the  strnlght  line  distance 
between  diaphragms.  Two  possible  ways  for  such  an  event  to  occur  are:  Dy  reflection 
of  off-axis  acoustic  rays  from  a  hard  surface  such  as  the  ground  and  by  refrnction  of 
these  rays  from  a  hot-air  region  whore  the  sound  velocity  is  higher  than  it  is  between 
the  transducers. 

Let  the  appropriate  data  of  the  directivity  pattern  of  Figure  3.2  be  employed  in  n 
simple  rny  diagram  as  in  Figure  3.3  which  depicts  the  lVj-foot-elevntlon  transducer  pair 
(a  more  severe  condition  than  for  the  3-  and  6-foot  elevation  Instruments);  to  simplify, 
assume  that  the  zone  of  transmission  from  the  loudspeaker  is  a  point,  and  similarly, 
the  zone  of  reception  for  the  microphone  is  n  point;  then  assume  no  inverse  first  power 
or  Inverse  square  law  of  sound  transmission;  also  assume  perfect  reflection  from  the 
ground.  These  last  two  assumptions  are  conservative  (that  is,  they  err  in  the  direction 
which  hurts  the  Instrument’s  cause).  From  Figure  3.2,  the  sound  pressures  associated 
with  the  two  rays  meeting  at  the  microphone  in  Figure  3.3  differ  by  n  factor  of  16  in 
pressure  amplitude.  It  therefore  seems  reasonable  that  bundles  of  acoustic  rays  leaving 
a  finite-sized  loudspeaker  horn  and  arriving  at  a  finite-sized  microphone  horn  (when  re¬ 
flected  from  an  Imperfect  reflecting  surface  and  spread  out  by  Inverse  first  power  or  in— 
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Figure  3.2  Directivity  pattern  of  Altec-Lansing  802-C  loudspeaker  at  * 

frequency  3.2  kc  with  attached  horn.  Horn  dimensions:  9-inch-diameter 
mouth;  1-inch-dlameter  throat;  total  flare  angle  2  arc  tan  2/3.  Scale: 

1  db/radial  division. 
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verst?  square  la*)  *111  product?  a  pressure  of  even  less  than  '/g  that  produced  by  the  direct 
rays  since  tht?  latter  do  not  travel  so  far  and  are  not  absorbed  by  a  reflecting  medium. 

An  even  more  favorable  ratto  of  signal  to  noise  *111  exist  at  the  higher  elevation  Instru¬ 
ments  at  3  and  6  feet 

An  argument  atmllar  to  the  reflection  caae  hulda  for  the  refraction  case 

If  the  maximum  change  of  amplitude  of  the  straight -path -aignal  due  to  long-path 
aignal  interference  la  one  part  in  aixteen.  the  maximum  ahtft  In  the  phaac  angle  of  the 
carrier  is  3 degree*  (ace  Ap|>endlx  B)  Thla  repreaenta  an  error  In  the  calculated 
aound  velocity  of  the  acou»iic  aignal  acroaa  the  atr  path  of  0  (>6  percent  of  an  air  lem- 


t. 


figure  3  3  Kffeci  of  directivity  patterna  on  direct  and  Indirect  signals. 


perature  of  70*C  From  thla.  It  appears  that  long-path  signals  may  enter  the  micro¬ 
phone.  but  their  contributions  to  cither  phase  shifts  or  amplltuoe  variations  of  minimum 
path  signals  are  extremely  small. 

Other  observers  In  this  field  have  expressed  the  feeling  that  the  strong  signal  rays 

near  Ihe  axis  of  the  loudspeaker  might  be  refracted  and  travel  over  path  lengths  which 

are  about  double  the  direct  path  length.  Assuming  that  average  velocity  over  tnese  long 

paths  should  be  double  the  ambient  figure,  the  velocity  meter  would  read  a  travel  time 

t  2D/2c  which  would  be  the  same  ns  the  t  measured  for  direct  path  signals  at  am- 
o 

blent  sound  velocity,  l.e. ,  t  D  c  .  Certainly,  one  would  have  a  difficult  time  fab¬ 
ricating  such  a  long-path  sound  ray  In  Figure  3.3.  The  total  length  of  the  ore-bounce 
signal  ray  In  that  diagram  (which  Is  to  scale)  Is  only  19  percei  t  longer  than  the  direct 
signal  ray.  Also,  since  the  velocities  meacured  by  the  sound  velocity  meter  on  all 
channels  during  Shot  12  stayed  steadily  at  low  values  and  did  not  even  once  go  to  double 
the  ambient  figure,  one  could  hardly  suppose  that  the  air  In  the  gap  was  steadily  hot  and 
that  directly  below  It  was  steadily  cooler.  Yet  this  condition  Is  necessary  for  a  con¬ 
tinuous  refraction  of  the  strong  on-axis  signals.  Therefore,  this  refraction  explanation 
Is  considered  Improbable,  and  this  Inst  applies  also  to  the  higher  meters  n'  3-  and  6- 
foot  elevations  even  though  longer  path  lengths  might  be  concocted  for  these  elevations. 
The  case  of  the  off-axis  signals  has  already  been  considered  above.  Signal  rays 
certainly  can  travel  over  long  paths  and  would  be  quite  Important  If  the  strong  on-axls 
signals  were  lacking  for  some  reason.  It  would  be  hard  to  Imagine  that  this  would 
happen  steadily  for  any  period  of  time,  however,  especially  since  on  most  channels 
almost  every  cycle  of  the  carrier  can  be  seen  from  shortly  after  zero  time  until  shock 
arrival  on  the  Shot  12  velocity  records  (see  recorded  sound  signals,  Appendix  F). 
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3  5  ATTENUATION  OF  THE  ACOUSTIC 

SIGNAL  IN  THE  A1H  GAP 

It  wo*  acted  In  n  preliminary  teat  of  the  equipment  on  Shot  8  that  some  effect, 
probably  thermal,  was  causing  ibc  received  acoustic  signal  to  be  attenuated  (see  Section 
3  3)  This  phenomenon  also  occurred  on  Shot  12.  Since  It  did  not  occur  In  the  one  chan¬ 
nel  on  Shot  8  where  the  transducers  and  air  path  were  replaced  by  an  electrical  network. 

It  was  assumed  that  the  variations  were  not  related  to  the  electronics  but  rather  to  the 

air  medium,  the  loudspeaker,  the  microphone,  and/or  the  horns 

The  expression  for  the  propagation  of  a  plane  sinusoidal  sound  pressure  wave  In 
air  Is: 

p  •  ■£]  ■ 4x  <3-*> 

Where:  x  •  the  distance  from  the  sound  source  In  cm. 
t  •  the  time  In  seconds. 

p  ■  the  sound  pressure  existing  at  distance  x  In  psl. 

p  •  the  sound  pressure  existing  at  distance  x  ■  0,  when  t  •  0  (In  psl). 

o 

c  •  the  velocity  of  sound  In  cm  /sec. 

6  the  attenuation  constant  In  nepers/cm. 
w  •  2 1  f  and  f  Is  the  fretpicncy  In  cyclcs/sec. 

There  are  two  types  of  sound  attenuation  In  the  air:  attenuation  due  to  molecular  ab¬ 
sorption.  6  ,  and  attenuation  due  to  heat  conductivity  and  viscosity,  6  . 

m  c 

.  6  *6  (3.2) 

in  c 

These  quantities  are  dependent  upon  air  temperature,  absolute  humidity,  and  the  sound 
frequency  (Reference  9.  Pages  6-1-67). 

For  the  3,200-cps  signal  used  by  Project  1.5  and  assuming  a  30-percent  relative 
humidity  at  20*C,  an  air  temperature  change  from  20*C  to  70”C  will  cause  n  change  In 
p.  the  pressure  amplitude,  6  feet  from  the  loudspeaker  of  approximately  0.5  percent, 
negligible  In  comparison  to  the  altenuntlons  measured  (see  Appendix  D  for  measured 
nttenuallons).  The  attenuation  factor  6m  Is  found  from  an  extrapolation  of  Knescr’s 
nomogram  (Reference  9,  Page  65).  and  6C  Is  found  from  SIvlan’s  attenuatlon-versus- 
tempernture  curve  (Reference  9.  Pnge  66).  See  Apjwndix  D  for  calculations 

Neither  Kneser's  nor  Slvlon’s  data  are  for  temperatures  above  50°C.  Furthermore. 

It  Is  possible  that  large  attenuations  of  acoustic  signals  do  exist  at  higher  air  tempera¬ 
tures.  This  might  Imply  that  Project  1.5  measured  the  attenuation  of  Its  acoustic  sig¬ 
nals  correctly  but  erred  In  Its  velocity  computations.  However.  If  the  Project  1.5 
velocities  should  be  correct,  then  the  associated  air  temperatures  nre  so  low  that 
presently  known  acoustic-attenuation  phenomena  alone  cannot  account  for  the  small  pres¬ 
sure  amplitudes  measured.  This  again  suggests  the  phenomenon  of  destructive  inter¬ 
ference  of  multiple-path  signals.  For  a  highly  turbulent  condition,  It  has  been  found  In 
experiments  at  NEL  that  great  attenuation  can  occur  even  when  the  signal  Is  following 
the  minimum  path  between  transducers.  A  test  was  performed  In  which  velocities  were 
measured  over  flaming  pans  of  gasoline.  In  orders  to  be  certain  that  the  acoustic  sig¬ 
nals  were  following  the  direct  path  between  transducers,  nn  asbestos  baffle  was  placed 
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halfway  acroaa  the  gap  with  a  hole  In  It  aligned  with  the  tranaducer  horna  (aee  Figure 
3  4).  It  should  be  clear  .hat  multiple-path  aignala  In  a  certain  eenee  always  occur, 
since  more  than  one  ray  passes  through  the  baffle  hole;  but  at  least  very-loog-path  signals 
are  eliminated  In  such  a  setup. 

For  the  test  depicted  In  Figure  3.4.  the  measured  signal  amplitudes  and  calculated 
sound  velocities  are  plotted  versus  time  In  Figure  3. ft. 

Clearly,  there  was  little  velocity  change,  and  yet  there  was  considerable  amplitude 
variation  There  also  was  an  in'  rval  of  0.05  second  where  the  signal  was  not  only 
greatly  diminished  but  also  was  highly  distorted.  Velocity  measurements  in  this  0.05- 
second  period  were  difficult  to  make  because  the  identity  of  a  certain  phase  (the  maximum 


Figure  3.4  Sound  velocity  meter  three  feet  above  flaming  gasoline.  Asbestos 
baffle  at  midpoint  of  path. 

value  of  the  modulation  envelope)  could  not  be  determined  with  an  accuracy  of  better  than 
two  or  three  cycles  of  the  carrier.  However,  it  should  be  remarked  thst  a  crude  meas¬ 
urement  that  would  give  arrival  times  accurate  within  16  percent  could  have  been  made 
even  during  0.03  second  of  this  0. 05-second  interval.  During  the  other  0  02  second,  the 
signal  was  indeed  completely  unreadable. 

Looking  at  Figures  3.4  and  3.5,  one  might  wonder  whether  the  velocity  meter  was 
functioning  pioperly  if  such  a  small  velocity  change  was  measured  since  the  air  medium 
between  the  transducers  must  have  experienced  a  sizable  temperature  increase.  First 
of  all,  it  is  not  likely  that  Figure  3.4  corresponds  to  any  instant  of  the  0.40-second 
recorded  interval  of  Figure  3.5.  Futhermore,  there  were  100  measurements  of  velocity 
made  every  second.  Each  of  these  Soo  -second  intervals  covered  6  inchs  on  a  Brush 
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recorder  paper  tape  In  the  final  record.  The  tank  of  chooaiag  the  moat  rep  re  ten  tail  re 
section  of  an  original  30- second  recording  interval  is  out  of  proportion  to  lie  importance, 
when  one  realises  that  the  corresponding  paper  record  is  more  than  V4  of  a  mile  in 
length.  80  possibly  the  best  sample  of  velocity  record  was  not  chosen  for  analysis. 
However,  the  question  still  arises  as  to  wfy  the  signal  amplitude  changed  so  much  when 
the  sound  velocity  did  not  and  whether  the  sound  velocity  was  measured  with  sufficient 
accuracy  under  such  circumstances 

in  the  following  paragraphs  of  this  chapter  several  more  controlled  experiments 
will  be  described  which  Indicate  the  reasons  why  the  attenuation  occurred  and  why. 

In  spite  of  the  attenuation,  the  velocity  meter  could  measure  velocity  at  such  times  with 
a  sufficient  degree  of  accuracy. 

Before  describing  these  experiments  and  In  order  to  clarify  the  picture,  the  follow¬ 
ing  summary  of  the  attenuation  phenomenon  theory  la  given,  based  on  the  assumption  that 


ao  O.l  0.2  0.3  0.4 

Tims,  seconds 

Figure  3.5  Measured  sound  velocities  and  signal  amplitudes  three  feet  above 
flaming  gasoline  tins.  Baffle  at  path  midpoint.  (See  Figure  3.4). 
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the  velocity  measured  it  reasonably  correct  —  substantiation  cf  this  Important  tenet  will 
follow. 

1.  The  attenuation  measured  Is  not  due  primarily  to  changes  in  the  attenuation 
constant  6  because  at  the  temperatures  corresponding  to  the  velocities  recorded  the 
change  In  61s  Infinitesimal  (see  Appendix  0). 

2.  The  attenuation  Is  not  due  to  long-path  signals  Interfering  with  minimum -path 
signals  at  the  microphone,  because  the  amplitude  at  the  microphone  of  any  long-path 
elgnajs  would  be  too  small  die  to  horn  directionalities  for  this  to  be  Important 

3.  Attenuation  Is  not  <hj>e  to  refraction  of  the  strong  on-axis  acoustic  rays  out  of 
the  straight-line  path  because  this  Implies  hot  air  In  this  path  with  cooler  air  sur¬ 
rounding  It 

4.  The  nttenuatlon  Is  partly  due  to  uneven  beating  of  the  air  medium  causing 
destructive  Interference  In  the  direct  path  signals.  The  bundle  of  acoustic  rays  passing 
through  the  baffle  hole  In  Figure  3  4  Is  affected  by  contiguous  tones  of  hot  and  cold  air. 
But  the  tones  of  hot  air  do  not  need  to  be  very  hot,  for  with  distance  of  4  6  feet  between 
horn  mouth*  a  change  In  temperature  from  20*C  to  44*C  would  be  sufficient  to  change 
the  number  of  carrier  cycles  In  this  distance  from  13.1  to  12  6  (I.  e. .  a  change  of  Vj 
wavelength  at  the  microphone)  It  Is  not  difficult  to  Imagine  two  acoustic  rays  crossing 
the  air  gap  through  the  baffle  hole,  with  one  passing  through  air  of  an  average  tempera¬ 
ture  of  20*C  and  the  other  passing  through  air  at  an  average  temperature  of  44*C.  The 
two  would  completely  cancel  each  other,  and  yet  the  velocity  meter,  when  recording 
either,  would  have  correctly  Indicated  values  of  only  1.125  or  1,170  ft^sec.  respectively 

5  The  attenuation  Is  also  due  partly  to  the  microphones'  horns  being  exposed  to 
Intense  thermal  radiation  and  hence  rising  to  very  high  temperatures  Sound  signal 
rays  traveling  along  the  hot  air  layer  near  the  horn  would  arrive  at  the  horn  throat  out 
of  phase  with  those  which  had  taken  the  route  of  the  cooler  air  path  near  the  axis  This 
effect  Is  most  pronounced  for  frequencies  at  which  the  sonic  wavelengths  are  about  the 
same  size  as  the  horn  dimensions,  or  smaller.  This  Is  discussed  further  In  Section 
3  6  to  follow  If  the  above  theory  Is  correct.  It  does  not  seem  surprising  that  attenua¬ 
tion  of  acoustic  signals  occurred  In  the  air  medium  during  the  Nevada  Teapot  tests 
when  the  measured  sound  velocity  changes  were  averaging  only  9-percent  Increase 
above  ambient. 


3  6  OTHER  MEASUREMENTS  OF  VELOCITY 

The  question  exists  as  to  whether  the  velocity  meter  really  did  measure  velocity 
First,  there  has  never  been  a  test  where  a  string  of  thermocouples  has  been  placed 
across  the  acoustic  air  path  to  verify  the  velocities  measured  In  terms  of  their  corre¬ 
sponding  temperatures.  However,  there  have  been  Instructive  tests  made  on  the  In¬ 
strumentation  under  controlled  conditions  as  follows. 

1.  When  the  transducer  diaphragms  were  spaced  3  feet  apart  Instead  of  6  feet,  the 
travel  time  of  the  acoustic  signal  was  cut  In  half,  and  the  recorded  value  of  velocity  was 
therefore  doubled.  Similar  results  occurred  for  other  spaclngs  as  expected. 

2.  When  the  sound  velocity  meter  was  situated  In  a  paint  oven  at  NEL  and  the  tem¬ 
perature  In  the  oven  was  raised  from  90*F  to  130* F  and  then  to  160*F,  the  velocities 
measured  by  the  meter  at  the  three  temperatures  were  as  given  In  Table  3.1.  The  oven 
temperatures  were  measured  by  a  thermocouple  situated  In  the  back  wall  of  the  oven 
and  projecting  on  a  stud  Into  the  air  about  6  Inches  from  the  wall.  The  accuracy  of  the 
thermocouple  Is  not  known.  The  oven  was  heated  by  electrical  colls  In  the  celling  and 
fans  blew  the  hot  air  toward  the  floor.  It  Is  reported  by  those  who  use  the  oven  that  for 
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a  temperature  reading  of  160  *F  there  ia  a  differential  between  ceiling  and  floor  of  20*  F 
along  the  back  wail.  Although  the  reaulta  of  thie  teat  are  not  aa  convincing  aa  thoae  re¬ 
corded  for  two  velocity  metera  uaed  on  Tumbler  (Table  -4.2.  Reference  1).  thie  la 
attributed  partially  to  the  lower  fre<)uency  carrier  uaed  on  Teapot  (3.2  kc  instead  of 
10  kc)  which  caused  annoying  reflections  from  the  hard  walla  of  the  oven  whose  scaled 
length,  width,  and  height  had  now  decreased  by  a  factor  of  three.  Unfortunately,  an 
oven  27  times  aa  big  was  not  available.  Furthermore,  It  should  be  remembered  that 
this  same  thermocouple  appeared  to  be  In  error  In  the  Tumbler  pre-Nevada  teats  when 
two  velocity  metera  In  the  oven  agreed  more  closely  with  each  other  than  with  the 
thermocouple  (see  Reference  1.  Table  4.2).  It  was  found  when  running  this  teat  that  one 
had  to  hold  the  oven  temperature  at  a  certain  level  for  perhaps  a  minute  before  the 
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velocity  meter  readings  stabilised.  This  wns  attributed  to  nir  temperature  gradients 
which  vanished  after  the  temperature  really  became  stable.  The  thermocouple  uaed 
nppnrently  had  great  thermal  inertia  as  would  be  expected  for  n  paint  oven. 

3.  At  the  Nevndn  Test  Site,  it  was  noticed  that  the  nir  temperature  change  be¬ 
tween  night  and  morning  wns  recorded  by  the  sound-velocity  meters.  A  change  of  phase 
of  ‘/j  of  the  cnrrler  wnveiongth  occurred  when  the  temperature  changed  from  50 *F  to 
70* F,  nnd  this  wns  observed  on  all  channels  dally. 

4.  When  the  wind  blew  nt  Frenchman  Flnt,  the  resultant  qualitative  changes  in 
sound  velocity  were  recorded  by  the  meters. 

5.  When  a  flnt  bonrd  was  placed  as  an  obstacle  across  the  air  path  the  recorded 
signal  level  would  drop  to  almost  zero.  However,  when  shovelfuls  of  sand  were  dropped 
through  the  gap  there  was  no  discernible  variation  in  velocity  (see  Reference  2. 

Section  3.1). 

3.7  ATTENUATION  OF  ACOUSTIC  SIGNALS  CAUSED  BY 

HEATING  VARIOUS  PARTS  OF  THE  MICROPHONE 

As  mentioned  in  Section  3.4,  the  sound- velocity  meter  transducers  in  Teapot  Shot 
12,  as  well  ns  in  Tumbler  Shots  3  and  4  and  Upshot-Knothole  Shots  9  and  102,were 
oriented  with  their  axes  along  the  blnst  line.  In  every  case  the  microphone  unit  which  wns 


2 Except  for  cross-the-line  channels  in  the  particle  velocity  meter  used  on  Upshot- 
Knothole  Shot3  9  and  10. 
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lo  receive  the  acoustic  signal  had  It#  horn  polntlnc  toward  ground  wro.  Also,  In  the 
throat  of  the  horn  there  w tut  a  copper  acreen,  behind  thia  acreen  was  another  conical 
horn  which  was  a  part  of  the  tranaducer  Itaelf  and  which  connected  to  an  acoustical 
labyrinth,  eventually  terminating  In  the  chamber  where  a  2-mli-thick.  ahlny,  dural 
diaphragm  waa  aituated.  The  aforementioned  labyrinth  waa  the  acoualical  equivalent  of 
an  extension  of  the  tranaducer  horn,  and  conaequently .  the  croaa-aecllon  horn  area  where 
the  labyrinth  Joined  the  diaphragm  chamber  waa  extremely  amail.  To  the  knowledge  of 
the  author  or  anyone  of  the  Project  peraonnel  (who  aerved  In  three  teeta),  there  never 
waa  an  Instance  where  a  diaphragm  waa  adverarly  affected  by  the  thermal  radiation,  there 
were,  however,  numeroua  caaea  where  fine  duet  waa  blown  onto  the  diaphragm  by  the  blaat 
wave  Thia  left  a  ahadow  picture  of  the  labyrinth  opening  on  the  diaphragm,  but  no 


Figure  3  6  Effect  of  burning  copper  acreen  In  horn  throat  on  microphone 
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Figure  3.7  Effect  of  applying  a  blowtorch  flame  to  horn  of  microphone. 


shaaow  picture  due  to  thermal  rndiatlon  was  ever  observed.  However,  the  aforementioned 
copper  screens  In  the  throats  of  the  large  conical  horns  were  Invariably  charred,  the 
amount  depending  upon  the  magnitude  of  Incident  thermal  radiation. 

After  Shot  12.  tests  were  conducted  at  NEL  to  determine  what  would  happen  to  the 
acoustic  signal's  amplitude  while  the  copper  screen  In  the  microphone  unit  was  burning. 

To  accomplish  this,  a  180-volt  B-battcry  supply  was  short-circuited  through  the  screen 
while  the  velocity  meter  wao  operating.  Judging  by  the  effect  on  the  screen,  this  test 
was  more  severe  than  Its  equivalent  on  an  ordinary  Nevada  lest.  Also,  a  transient  con¬ 
dition  existed  some  two  to  four  limes  as  long  as  those  observed  on  Teapot  Shot  12. 

However,  at  the  end  of  this  period  (40  msec)  the  amplitude  of  the  signal  v  ns  66  percent 
of  ambient  and  90  percent  of  ambient,  10  msec  later.  After  the  40-msec  transient,  there 
wns  no  detectable  sound-velocity  change  as  measured  over  a  6-fool  path  length  (see 
Figure  3.6). 

Another  test  was  conducted  at  NEL  to  determine  the  effect  of  heating  the  horn  of  the 
microphone.  In  order  to  simulate  the  usual  Nevada  test  condition.  For  this,  a  blow¬ 
torch  Dame  was  applied  to  the  microphone  horn  while  the  complete  system  was  operating 
(see  Figures  3.7  and  3-8) • 
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Time  ,  second* 

Figure  3  8  Signal  amplitude  versus  time  for  condition  where  blowtorch  lh 
played  over  microphone  horn 

It  Is  clear  from  an  examination  of  Figure  3.7  that  there  Is  practically  no  shift  In  tin 
phase  of  the  recorded  signal's  envelope  with  respect  to  the  reference  time  spikes 
Yet  the  signal’s  amplitude  In  this  same  period  dropped  to  ns  little  as  3  percent  of  Its 
original  value. 
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ChopUr  4 

DISCUSSION 


The  preshock  sound  velocities  measured  by  Project  I  S  during  Shot  12  did  not  agree 
with  preshock  sound  velocities  calculated  from  pressure  data  taken  by  other  agencies 
(References  S.  6,  and  8)  and  using  current  blast-wave  theories  In  all  cases  the 
Project  l.S  velocity  values  were  low  by  the  order  of  a  factor  of  two.  Also,  these 
directly  measured  sound  velocities  were  almost  the  same  at  the  1,000- foot  range  as  at 
the  2.000-foot  range  on  both  the  asphalt  and  desert  surfaces.  In  addition,  there  was 
little  difference  between  the  values  recorded  over  different  surfaces  (desert,  asphalt, 
water,  fir  boughs,  and  concrete)  and  small  differences  at  the  various  elevations  (1  Vy. 

3,  and  6  feet) 

Yet  In  23  out  of  24  channels  the  velocity -meter  Instruments  seemed  to  perform 
adequately  Subsequent  testa  at  the  Navy  Electronics  Laboratory  (NEL)  Indicated  that 
the  meters  were  working  as  they  should  be  and  that  they  would  measure  velocity  under 
laboratory  conditions  within  an  accuracy  of  6  percent  at  air  temperatures  up  to  160*  F 

Direct  preshock  temperature  measurements  were  made  on  Shot  12  by  Project  8  4e 
(Rcferenco  12)  and  over  the  same  surfaces  as  those  where  Project  1.5  measured  sound 
velocities 

Temperature  Is  related  to  sound  velocity  by: 

c  -  KT^1  (4.1) 

Where:  c  ■  sound  velocity  ft/sec 
T  ■  absolute  temperature 

K  ■  a  constant  for  a  given  medium  of  constant  molecular  weight. 

It  was  hoped  that  an  agreement  between  the  measured  c  and  T  values  would  help 
explain  the  precursor  phenomenon.  Unfortunately,  the  Project  8  4 o  data  agreed  neither 
with  the  Project  1.5  data  nor  with  the  blast  data.  Several  unusual  phenomena  were  note¬ 
worthy  In  the  8.4  o  data: 

1.  Over  the  plots  of  fir  boughs,  Ivy,  concrete,  and  wood  (this  last  plot  was  not  In¬ 
strumented  by  Project  1.5)  the  temperatures  appeared  to  Increase  with  elevation  up  to 
10  feet.  This  certainly  was  not  expected  over  concrete  and  does  not  agree  with  sonic 
velocity  data  or  current  blast  theory. 

2.  High  elevation  channels  showed  temperature  Increases  before  the  low  elevation 
channels  did  In  many  cases.  This  Is  contradicted  by  the  sound-velocity  data  and  current 
blast  theory  also. 

3.  High  preshock  maximum  temperatures  were  reached  In  many  cases;  this  agreed 
at  least  qualitatively  with  present  blast  theories,  although  It  was  not  supported  by  the 
Project  1.5  data  which  consistently  showed  low  velocity  values  on  all  channels.  However, 
the  Project  8.4  e  temperature  value'  Invariably  dropped  after  these  maxima  to  very  low 
magnitudes  before  shock  arrival.  This  was  not  recorcllable  with  any  known  theoiy. 
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4.1  CALCULATIONS  OF  PRESHOCK  SOUND  VELOCITY 

FROM  PEAK-PRESSURE,  SHOCK-VELOCITY. 

AND  PRECURSOR-ANGLE  DATA 

There  ire  acvcraj  methods  currectiy  used  for  calculating  the  prcabock  aound  veloc¬ 
ity  at  low  elevation*  on  a  prccuraor  ahot  from  the  blaat  data  The  flrat  of  Iheae  (ex¬ 
plained  In  Reference  7,  Chapter  6)  Involve*  the  measurement  of  the  angle  of  the  pre¬ 
cursor  wave  front  with  the  horizontal  and  the  knowledge  of  the  ambient  air  aound  veloc¬ 
ity  above  an  aaaumed  heated  air  layer.  It  1*  calculated  from: 


■  In  0 


c 


o 


c 


Where  9 

c 

Co 


the  angle  between  the  precursor  wave  front  and  the  horizontal, 
velocity  of  sound  In  the  heated  layer, 
velocity  of  sound  In  the  cool  air  above  It. 


(4.2) 


This  theory  does  not  lake  account  of  a  temperature  gradient  In  the  thermal  layer.  A 
more  refined  treatment  which  consider*  a  thermal  gradient  Is  suggested  In  Chapter  4 
of  Reference  8.  Here  Equation  4.2  Is  supplanted  by: 


Sin  9  m  c0  (4.3) 

Sin  c  c 

Where  t>  ■  the  acute  angle  which  the  wave  front  In  the  thermal  layer  makes  with  the 
the  thermal  boundary. 

Equation  4.2  Is  a  special  case  of  Equation  4.3  where  the  thermal  Mnch  wave  Is  at  right 
angles  to  the  boundary,  1.  e. ,  sin  c  ■  sin  90*  ■  1.  By  experimentally  measuring  9  and  <$, 
using  high-speed  photography,  and  knowing  In  advnncc  the  value  of  c0,  the  quantity  c 
can  be  calculated.  For  9  <  c  <  90*  .  c  will  be  less  than  values  calculated  using  Equation 
4.2  but  will  always  exceed  cQ.  The  use  of  Equations  4.2  and  4.3  Is  limited  by  the  ac¬ 
curacy  with  which  9  and  o  con  be  measured. 

A  second  technique  for  calculating  sound  velocity  arises  from  tho  assumption  that 
the  dlrectl  jn  of  wave  propagation  Is  horizontal  very  close  to  the  ground,  l.e. .  the  wave 
front  Is  perpendicular  to  the  ground.  In  this  method  the  preshock  sound  velocity  Is  re¬ 
lated  to  the  blast-wave  velocity.  Although  the  pressure  wave  Is  of  a  complex  type  which 
does  not  lend  Itself  well  to  straightforward  mathematical  nnalysls,  nevertheless,  from 
the  measured  peak  pressures  which  can  be  calculated  within  reasonable  limits,  on 
approximate  relationship  between  the  blast-wave  velocity  and  acoustic  velocity  can  be 
established. 

A  third  technique  for  determining  proshock  sound  velocity  consists  of  measuring 
the  time  of  arrival  of  a  blast  wave  at  two  gages  separated  from  each  other  by  a  known 
distance  vertically,  e.g. .  a  few  feet  (Reference  10,  Page  134).  Assuming  the  angle 
this  wave  front  makes  with  the  horizontal  Is  <p,  the  gage  spacing  Is  h  feet),  the  differ¬ 
ence  In  arrival  times  at  the  two  gages  Is  At  (seconds),  and  the  velocity  of  propagation 
along  the  ground  Is  c'  (ft/sec),  then  the  preshock  velocity  c  of  the  wave  In  ft/soc  Is: 
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c  -  c'  Kin  Q 


mi 


A  modification  of  this  method  in  used  in  thin  rrjwrt  Project  1  5  obtained  shock- 
arrival  data  from  Project  1  1G  and  used  these  in  an  application  similar  to  that  of  Equa¬ 
tion  4  4  The  difference  wan  that  the  pressure  gage#  w«*’e  not  in  vertical  array#,  but 
thi#  was  no  particular  handicap  a  I  nee  their  relative  location#  were  kmrwn  Arrival 
lime#  were  known  within  0.5  msec 

Velocitle#.  temperature#,  and  wave  front  angle#  were  calculated  using  these 
data  and  are  given  In  Table  1  l  A##umlng  that  G5  percent  of  the  measurements  of  time 
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at  either  nf  two  pressure  gages  will  fall  within  0.5  msec  of  the  true  arrival  time  and 
assuming  that  these  measured  times  form  a  normal  distribution.  It  can  be  shown  that 
the  time  difference  At  will  also  form  a  normal  distribution  where  81  percent  of  the  mens 
urements  will  be  within  0.5  msec  of  the  true  At  The  following  tables  assume  this  0.5 
msec  error  In  the  measurement  of  At. 

Judging  from  the  slow  pressure  rise  of  the  waves  from  which  these  arrival -time 
data  were  taken  (deference  6).  It  appears  that  they  are  acoustic  rather  than  shock  This 
being  so.  the  quantity,  c  in  Table  1.1  would  be  an  acoustic  velocity.  Clearly  these  val¬ 
ues  of  c  far  exceed  those  recorded  in  a  direct  measurement  of  sound  velocity  levels  at 
between  1 1 2  feet  and  6  feet  by  Project  1.5.  Except  for  the  values  at  the  2,500-foot  and 
3,000-foot  desert  ranges,  the  temperature  values  in  Table  4.1  encompass  the  values  found 
by  the  first  two  methods  of  temperature  and  velocity  calculation  described  at  the  begin¬ 
ning  of  this  section  and  plotted  in  Figure  2.28  ,  deference  11.  In  this  last  plot.  Equation 
4.2  is  presumably  used  rather  than  Equation  4.3  for  the  Naval  Ordnance  Laboratory 
(NOL)  data. 

If  Equation  4.3  had  been  used,  the  velocity  and  temperature  values  would  be  re¬ 
duced  depending  upon  how  small  an  angle  <f>  was.  Although  possibly  <t>  was  not  measured 
photographically  in  Shot  12,  it  was  measured  by  the  Project  1.10  pressure  gages  within 
the  limits  Imposed  by  arrival-time  errors  of  i  0.5  msec.  Using  the  range  of  values 
of  from  Table  4.1  In  Table  4.2,  one  can  calculate  the  minimum  and  maximum  sound 
velocity  values  cm|n  and  cmax  by  use  of  Equation  4.3.  The  gages  which  determined  the 
angle  in  Table  4.2  were  at  0-  and  3-foot  elevations  at  each  location  and  therefore 
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part,  if  not  aJ),  of  the  wave  front  Mould  bo  in  the  Seated  air  layer  by  almoal  any  current 
theory. 

In  conalderlng  another  the  »Kxk  arrival  technique  would  give  the  same  wave  front 
angle  as  the  measured  photographic  record,  the  range  of  angles  calculated  from  shock 
arrivals  using  the  •  0  5*insec  possible  error  al  each  gage  yielced  values  agreeing  very 
well  with  those  recorded  on  film  by-  Project  l  2  (see  Table  4  3)  Because  of  this  cor¬ 
relation.  It  Is  expected  that  the  use  of  the  technique  for  determining  c  at  the  very  low 
elevations  (0  and  3  feet)  Is  also  valid,  although  admittedly  the  shape  of  the  wave  front 
at  these  altitudes  is  known  with  considerably  less  certainty 

In  Tables  4.1  and  4  2.  ranges  ol  velocities  are  tabulated  which  depend  upon  the 
accuracy*  with  which  the  wave-front  angle  c  can  be  measured.  Table  4.1  also  depends 
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upon  the  velocity  c'  with  which  the  blast  wave  is  propagated  along  the  ground.  Table 
4.2  depends  upon  the  measurement  of  the  blast  wave  angle  0  above  the  thermal  layer. 

It  will  be  noted  in  Table  4  2  thn!  there  are  data  given  for  the  2.000- foot  range  on  the 
asphalt  line.  Moreover,  0  was  not  measured  at  this  range  by  Project  1.2.  However, 
beenuse  of  the  good  correlation  of  the  angle  0  measured  by  Projects  1.2  and  1  10  (see 
Table  4.3)  and  the  fact  that  0  from  the  photographs  at  1.500-foot  desert.  2.000-foot 
desert  and  1.500-foot  asphalt  ranges  agreed  with  the  low  angle  values  of  0  derived  from 
the  Project  1.10  data,  it  is  felt  to  be  a  reasonable  assumption  to  use  an  angle  of  37*  for 
9  at  the  2,000-foot  range  on  the  asphalt  line  (see  Table  4.3).  With  this  value  of  0  and  the 
values  of  <f>m|n  and  0 mnx calculated  from  arrival  times  at  the  0-  and  3-foot  elevation 
Project  1.10  gages, c  m jn  and  c  max  are  calculated  and  tabulated.  Combining  the  results 
listed  In  Tables  4.1  and  4.2,  one  obtains  a  range  of  probable  values  for  the  preshock 
sound  velocity  for  ground  distances  of  1,500  and  2,000  feet  on  the  desert  and  asphalt 
lines  (see  Table  4.  4).  The  velocity  ranges  listed  in  Table  4.4  should  therefore  be 
consistent  with  the  measured  blast-wave  velocity  along  the  ground  and  the  angles  of 
the  blast-wave  front,  both  within  and  above  the  thermal  layer. 
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The  small  value  of  #  for  the  1.000-foot  aaphait  location  leads  to  smaller  sound  veloc¬ 
ities  being  indicated  at  the  1, 000-foot  asphalt  location  than  would  ordinarily  be  expected. 
The  small  $  Indicates  a  large  thermal  gradient  st  this  range 


4  2  PROJECT  1  5  SOU NI>- VELOCITY  DATA 

4.2.1  Teapot  Instruments  Clearly,  the  measured  sound-velocity  data,  with  the 
exception  o?  the  2 ,000- foot  desert  location,  do  not  agree  with  the  figures  tabulated  in 
Table  4.4.  Many  teste  on  the  sound-velocity  meters  have  been  made  to  see  if  the  2d 
channels  which  recorded  data  could  have  been  malfunctioning  (see  Chapter  3)  —  it  is 
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believed  that  they  were  noi.  It  is  further  believed  that  most  of  the  attenuation  of  the 
acoustic  signals  which  was  observed  was  caused  In  a  relatively  small  part  of  the  acoustic 
path,  that  Is,  In  the  microphone  horn.  It  is  felt  that  destructive  interference  occurred 
in  these  horns,  which  were  apparently  long  enough  to  allow  phase  shifts  of  as  much  as 
Vj  wavelength  between  different  sonic  rays  traveling  by  hot  and  cold  paths  but  only 
rarely  a  shift  of  one  wavelength  If  the  latter  had  happened,  signals  would  have  been 
augmented  Instead  of  diminished,  and  although  this  did  occur  in  Isolated  cases.  It  was  a 
very  rare  occurrence.  Yet  hundreds  of  cycles  of  the  sine  waves  which  left  the  loud¬ 
speakers  crossed  the  air  path  and  entered  the  microphones  and  were  clearly  recorded. 
These  waves  are  depleted  In  Figures  F.l  and  F.24.  These  records  were  obtained  by 
playing  back  the  original  magnetic  tapes  and  photographing  the  amplified  signal  from  the 
tape  as  It  appeared  on  a  cathode-ray  tube.  These  data  will  enable  anyone  Interested  to 
roughly  determine  that  no  great  velocity  change  occurred  on  any  channel  (employ  the 
technique  described  In  Table  4.2).  A  more  refined  method  was  used  by  the  analysts  at 
NEL  for  this  determination.  The  magnetic  tapes,  which  were  run  at  speeds  of  15  in/sec 
when  recording  the  original  data,  were  played  back  at  approximately  l/,0«thls  speed, 
thereby  converting  the  carrier  frequency  from  3,200  cps  to  32  cps.  This  signal  was  then 
passed  through  a  dc  amplifier  and  recorded  on  a  Brush  oscillographic  paper  recorder  run 
at  6  ln/sec.  In  this  way  the  scale  was  greatly  expanded,  notes  could  be  made  upon  the 
record  and  a  very-accurate  cycle-by-cycle  analysis  of  phase  shifts  made. 

4.2.2  Data  Comparisons  with  Previous  Precursor  Shots.  There  are  very  few  veloc¬ 
ity  data  available  from  other  precursor-shot  tests  to  use  for  comparison  with  the  1.5 
Teapot  data.  The  best  would  be  the  Tumbler  Shot  4  velocities  at  lVj-foot  elevation  at 
ground  range  of  1,342  feet.  Preshock  velocities  In  this  case  roughly  averaged  2,500 
ft/sec,  not  greatly  different  from  the  calculated  values  given  In  Table  4.4  for  the  1,500- 
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foot  desert  location  in  Teapot  Shot  12.  There  doe*  not  seem  to  be  any  reaaon  to  question 
the  validity  of  this  particular  Tumbler  Shot  4  meter's  data.  Out  scrutinizing  the  Teapot 
Shot  12  velocity  records  and  the  Tumbler  Shot  4  velocity  records  In  general,  exclusive 
of  other  data  and  theories,  one  would  tend  to  be  more  skeptical  of  the  Tumbler  instru¬ 
mentation  at  close-in  ranges  because  of  the  frequent  loss  of  data  points  (see  Appendixes 
C  and  0,  Reference  1).  It  is  believed  today  that  the  attenuation  of  the  acoustic  signals 
which  was  measured  in  Teapot  occurred  also  in  Tumbler  and  Upshot-Knothole  but 
could  not  be  observed  because  of  the  recording  techniques  used  in  those  tests.  The 
Tumbler  and  Upshot-Knothole  data  were  derived  data.  Zero  crossings  with  positive 
slope  of  the  modulation  frequency  sinusoid  (after  demodulation)  were  made  to  form  sig¬ 
nal  spikes  which  were  recorded  on  magnetic  tape  along  with  reference  timing  spikes. 

tabu  *.i  msnocK  sjv.no  vtLocmts 

Pr»iS-<»  fecbfcd  »*|ociu*«  *r»  compatible  atOi  mvwurvd  »*..*•  >f  lb* 

IaumaI  «*locity  c 1  .  <K*  acvi*  c  L«ta*«n  th»  •»,»  Ln  lb» 

(bar  mal  1  tytt  e»d  Usa  ikarmtl  Uyt r  b w&<kry  **<1  Ik*  *0.1*  *.*41*  #  b*- 
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Velocities  were  calculated  from  the  shifts  of  the  signal  spikes  with  respect  to  the  timing 
spikes  (Reference  1).  Changes  in  signal  amplitude  could  cause  spurious  shifts  In  the 
signal  spikes,  could  make  them  vanish,  or  could  even  generate  extra  ones.  All  of  these 
phenomena  have  been  observed 

In  summary,  it  must  be  sold  that  the  people  who  have  been  closely  associated  with 
the  sound  velocity  meters  In  Tumbler.  Upshot-Knothole,  and  Teapot  consider  the 
Teapot  Instruments  to  be  much  more  reliable  than  those  used  in  the  other  two  tests 
However,  the  data  taken  in  Tumbler  and  Upshot-Knothole  are  still  considered  reliable  in 
those  periods  where  several  signal  spikes  in  succession  indicated  similar  values  of  sound 
velocity,  but  cases  of  Isolated  high-velocity  points  after  several  cycles  of  no  signal 
should  be  treated  with  great  skepticism,  whether  they  agree  with  current  theory  or  not. 

The  Teapot  velocity  data  by  themselves  imply  the  following: 

1.  Since  blast-wave  arrival  times  are  shortest  on  the  asphalt  line,  next  on  the 
desert  line,  and  longest  on  the  water  line  (and  these  are  measurable  from  the  Project 
1.5  data),  the  velocity  of  propagation  In  the  horizontal  direction  on  the  three  lines  is 
greatest  on  the  asphalt,  next  on  the  desert,  and  least  on  the  water  line. 

2.  Since  measured  sonic  velocities  at  l^-foot,  3-foot  and  6-foot  elevations  In¬ 
creased  approximately  9  percent  above  ambient  from  detonation  to  shock-arrivnl  time 
at  the  1,000-foot  and  2,000-foot  ranges,  and  irrespective  of  the  surface,  for  Paragraph 

1  above  to  be  true,  the  thermal  layer  of  consequence  must  have  been  between  the  ground 
level  and  some  elevation  below  l*/2  foot,  any  6  inches  or  1  foot,  unless  the  measured 
sound  velocities  are  not  related  aB  assumed  to  the  blast-wave  propagation  velocities. 

J.  If  the  preshock  velocity  of  sound  in  the  air  was  really  some  high  vaiue  such  as 
those  calculated  for  Table  4.4,  then  the  velocity  meter  simply  does  not  work — although 
it  will  In  most  cases  record  every  sine  wave  which  leaves  a  loudspeaker,  crosses  a 
6-foot  air  path,  and  enters  a  microphone  (see  Figures  F.l  through  F.24). 
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4  From  the  theories  on  the  instrumentation  presented  in  Chapter  3.  there  is  a 
chance  of  the  velocity  meter's  erring  in  its  velocity  measurement  because  of  the  cool 
air  remaining  in  the  transducers.  This  error  is  a  function  of  the  temperature  of  the  air 
through  «hlch  the  acoustic  signal  passe*  (being  0  percent  at  ambient).  However,  it  is 
also  possible  to  err  In  the  other  direction.  If  the  horns  are  heated  red  hot  and  the  air  in 
front  of  them  becomes  hot  and  thereby  causes  a  more  rapid  advance  of  the  acoustic  sig¬ 
nal  The  Project  15  data  imply  that  the  total  preshock-sound-veloclty  Increase  is  small 
above  an  elevation  of  1*/|  feet  Also  the  magnitudes  are  similar  at  the  1.000-foot  and 
2.000-foot  ranges  and  even  over  different  surfaces  This  might  mean  (hat  the  only  ve¬ 
locity  increase  of  significance  measured  was  (hat  due  to  the  hot  sir  near  the  transducer 
horns  This  leads  to  the  conclusion  that  the  velocity  measured  by  the  meters  was  pos¬ 
sibly  too  large  rather  than  too  small.  Some  small  measure  of  credibility  is  lent  to  this 
supposition  when  one  looks  again  at  Figure  2.1  and  observes  that  (he  water-line  meter 
channels,  where  the  reflectance  of  the  surface  was  highest,  measured  a  somewhat 
higher  sound  velocity  than  did  the  asphalt  and  desert  channels.  Certainly  no  one  would 
predict  a  higher  air  temperature  over  the  wnter  surface 
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Chapter  5 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  sound  velocity  meter  appears  to  be  capable  of  recording  thousands  ot  cycles  of 
acoustic  signals  at  ground  ranges  of  1,000  and  2,000  feet  from  detonation  to  shock  ar¬ 
rival  for  the  test  conditions  of  Shot  12  <»cc  Appendix  F)  These  acoustic  waves  did  not 
enter  the  microphones  as  soon  (rxerpt  for  the  water  surface)  as  current  blast-wave  theory 
predicted  that  they  should.  No  satisfactory  explanation  seems  to  be  available  as  to  where 
these  acoustic  signals  could  have  spent  their  time. 

It  can  only  be  concluded  that  If  current  precursor  blast  theory  Is  correct,  some 
unknown  phenomenon  Is  causing  unreasonable  velocity  magnitudes  to  be  deduced  from 
otherwise  reasonable-appearing  data  If,  however,  the  data  are  correct,  some  modi¬ 
fications  In  the  present  theory  concerning  the  pieshock  medium  status  will  need  to  be 
made 

If  the  precursor  phenomenon  Is  to  be  Investigated  further.  It  Is  recommended  that 
additional  effort  be  expended  to  obtain  the  contour  of  the  blast-wave  front  near  the 
ground  surface,  e.g  .  below  10  feet.  Few  reliable  data  aie  presently  available  In  this 
region  It  Is  to  be  hoped  that  these  data  would  do  much  to  explain  the  differences  In  high 
air  temperatures  and  sonic  velocities  deduced  from  current  blast-wave  theory  and  the 
lower  values  recorded  by  Instruments  which  mensured  these  phenomena  directly. 


42 

SECRET 


Append**  A 

INSTRUMENTATION 

A  I  HACKGHOUM) 

The  Naval  Fleet  romes  laboratory  ‘  >  measurement  uf  s-md  velocity  change*  again  relied  on  a  system 
in  which  mHind  (ran*ll  lime  between  two  fUed  iranaduccr*  in  an  air  medium  was  durrvrd  (Itofrrence  ll 
A  3,200-cpa  carrier,  amplitude  ruidulalcd  approximately  90  percent  with  a  100-cpa  sinusoid  *s# 
transmitted  across  the  transducer  air  gap  Measurements  proved  that  signal  crosstalk  between  balanced 
•lgnal  pairs  was  negligible  tn  a  mult  I -conductor  cable  of  considerable  length  llenco,  it  was  decided  to 
•end  the  signal  information  from  the  Instrument  van  to  the  field,  through  the  air  gap  and  back  to  the  in¬ 
strument  van  where  it  was  recorded  directly  on  magnetic  tape  along  with  its  timing-spike  reference 
basically,  the  records  so  obtained  were  analyzed  by  transcribing  them  onto  some  readable  medium 
such  as  paper  lape  or  photographic  film  The  peak  of  the  modulation  envelope  gave  a  reference  point 
from  which  to  measure  to  Ihc  reference  spike  The  latter  waa  added  to  the  signal  Information  upon  Ita 
return  to  the  inatrumcnl  van  As  the  signal  delay  through  the  complete  electronic  system  from  generation 
to  recording  was  constant,  changes  in  air-path  tranait  time  were  evidenced  by  change*  in  timo  differences 
between  the  reference  spike  and  modulation  peak  Such  time  differences  were  convertible  to  sound  veloc¬ 
ity.  given  predetonation  air  temperature 

Most  sound-velocity  records  obtained  in  Nevada  showed  appreciable  signal  attenuation  and  aomo  dis¬ 
tortion.  hence,  the  Teapot  system  of  instrumentation  *a*  An  improvement  over  previous  NHL  versions 
which  relied  uo  additional  spike  generation  from  the  demodulated  air-path  signal.  Obvious  troubles  would 
arise  If  the  modulation  onvolqw  wore  nol  well  preserved 


A  2  1IASIC  LNSTHL'MKNTATION 

A  2  1  Master  Generator.  The  master  generator,  the  hearl  of  the  found- velocity  system,  consisted 
of  three  units  (see  figure  A.l).  It  utlllicd  a  vory  stable  oscillator  of  proven  design  to  generate  a  carrier 
frequency  of  3200  cpa.  This  oscillator  In  turn  drove  a  synchronized  frequency  step-down  oscillator  which 
generated  the  I  oo-cps  modulation  frequency.  The  100-cpa  signal  to  derived  was  fed  to  a  balanced  modula¬ 
tor  which  in  turn  provided  the  100-cpa  modulated  carrier  drive  for  the  bridging  amplifiers  that  furnished 
the  signal  for  the  field  units.  The  100-qis  oscillator  also  provided  drive  for  the  reference  sptko  generator. 
The  spike  generator  ran  tn  synchronism  with  the  3.200*  and  100-cpa  generators  and  provided  an  output 
varlablo  In  phase  over  360  degrees  of  tho  100-cyclc  modulation  envelope,  and  sufficiently  sharp  to  provide 
r*>«olution,  If  necessity,  within  a  fraction  of  a  cycle  of  the  carrier. 

The  above  three  described  units  wore  monitored  by  s  safety  unit  which  would  switch  in  immediately  an 
Identical  master  generator  should  any  of  tho  output  signals  fall  below  a  minimum  operating  lovel. 

Tho  bridging  amplifiers  provided  a  balanced  signal  output  to  tho  field  units  via  tho  field  cables.  A 
considerable  amount  of  work  was  dono  In  attempting  to  eliminate  the  zero  timo  oloctromagnotic  transient 
induced  In  tho  equipment  via  field  cabling.  Tho  use  of  twisted  and  electrically  balanced  signal  pairs  and 
careful  selection  of  electrically  balanced  transformers  that  worked  Into  and  out  of  tho  field  lino  onabled  • 
reduction  of  tho  induct'd  transient  to  u  negligible  amount.  Also  the  time  duration  of  this  transient  was  loss 
than  10  msec  In  all  channels  of  tho  system,  thus  no  signal  Information  was  obscured  (see  Figure  A  2). 
However,  a  vory  good  zero  marker  was  so  obtained.  The  number  of  bridging  amplifiers  used  (one  for 
overy  threo  field  channels)  was  greater  than  power  requirements  would  demand  for  driving  tho  field  ampli¬ 
fiers.  bo  that  a  failure  would  not  offeel  tho  loss  of  too  many  channols  of  information. 

A. 2. 2  Transducer  Powor  Amplifiers.  One  driver  unit  provided  voltage  step-up  and  bondpasH  filter¬ 
ing  and  drove  three  power  amplifiers  from  the  low  Impedance  line  Tho  power  amplifiers  In  turn  drove 
the  transducers  sufficiently  hard  to  give  a  good  slgnol-to-neise  ratio,  thereby  overriding  acoustical  noise 
signals  arising  from  any  apparatus  in  the  vicinity. 

Tho  direction  of  acoustic  signal  transmission  was  selected  to  give  minimum  crosstalk  between  trans¬ 
ducers  for  the  three  elevations  at  tho  same  surface  location  Doth  theory  and  equipment  tests  showod 
crosstalk  effects  were  quite  negligible 

A.2.3  Miko-to-Line  Amplifier.  The  receiving  transducer  drove  a  mlko-to-linc  amplifier.  This  lat¬ 
ter  unit  made  up  for  air-path  signal  attenuation  in  order  to  send  the  Blgnal  back  to  tho  instrument  van  with 
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ample  aigniU-to-noi**  ratio.  The  mike- to- line  amplifier  and  all  subsequent  equipment  were  sufficiently 
brundboaded  to  allow  for  frequency  change  of  the  sir-path  signal  during  any  possible  rapid  air-temperature 
changes 

In  the  line- to-  rape  Unit,  the  last  link  in  the  chain  of  instrumentation,  the  reference  spike  «si  added 
to  the  incoming  sipuU.  the  resultant  composite  signal  ess  applied  to  the  magnetic  Upe. 

A3  DBCW8J0N 

Direct  calibration  of  the  system  is  difficult  to  achieve  However,  a  good  rpproach  to  the  measure¬ 
ment  of  air  temperature  wan  achieved  in  the  laboratory 'a  paint -drying  oven  which  wan  aufflciently  Urge  to 


MASTER  GENERATOR  other  typical  field  transducers 


Figure  A.  1  Electronics  for  one  typical  field  station,  three  channels 


house  the  transducer  pairs.  Fair  correlation  between  air  temperature  and  signal  phase  shift  was  obtained 
though  cortaln  difficulties  were  experienced.  The  oven  was  limited  to  a  temperaturo  of  approximately  300 
degrees  Fahrenheit  from  which  a  phase  shift  of  about  four  carrier  cycles  could  be  expected.  The  degree 
of  resolution  was  troubled  somewhat  by  signal  reflections  off  the  oven  walls  and  by  convection  currents 
within  the  fairly  large  enclosure.  Thus  it  was  difficult  to  read  the  data  with  a  noto  of  finality  to  within  a 
fraction  of  a  carrier  cycle  when  the  above  effects  produced  variations  of  phase  shift  which  could  be  ob¬ 
served  at  any  given  temperature  However.  In  general,  phase  shift  correlated  with  the  corresponding 
temperature  throughout  the  temperature  ranges  investigated. 

Suspicion  of  coupling  between  the  transducers  through  the  supporting  cross-arm  was  ruled  out  by 
other  tests  at  NFL. 

As  cortaln  proof  that  the  signal  was  being  acted  upon  only  in  tho  transducer  air  path,  In  one  channel 
a  dummy  air  gap  was  substituted  for  the  actual  air  path  in  one  of  the  preliminary  Nevada  shots.  The  re¬ 
mainder  of  the  electronics  In  the  dummy  channel  was  Identical  to  that  of  tho  air-path  channels;  the  dummy 
attenuating  pad  was  equivalent  to  the  air-path  loss.  Results  showed  no  change  In  data  before,  during,  or 
after  shot  time  for  the  dummy  channel,  whereas  the  air-path  channels  exhibited  signal  phase  shifts  indica¬ 
tive  of  air-temperature  and  sound-velocity  increases. 
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A  later  refinement  (a  data  analyeia  removed  the  oeceeeity  H  locating  the  modulation  peak  which  »u 
tumclimei  difficult  to  Aj  la  vie*  of  the  elgnal  attenuation*  aad  distortion*  often  preeeot  Instead,  •  refer¬ 
ence  point  *ai  choeea  ta  the  pro-thermal  record  from  which  it  wee  poeeible  to  count  through  the  coaUauoue 
record  (cycle  by  cycle)  through  thermal  ooadiUoae,  uatag  the  eubeequeai  reference  poiate  found  every  it 


*• 


-I  0  ,  ♦*  ej 


figure  A  2  Recorded  acoeetie  elgnal  e hewing  effect#  of  electromagnetic 
t ran* lent  at  detonation  Note  delayed  traaeivnl  due  to  dieiorted  loudspeaker 
elgnal  received  by  microphone  after  time  delay  In  air  path. 

cyclea  to  make  measurement#  to  the  reference  nplkn  However,  both  method*  gave  substantially  com¬ 
parable  reaulle- 

It  la  believed  the  eyelem  la  capable  of  moaaurlng  wound- velocity  change#  tn  elr  (or  whatever  the  me¬ 
dium  may  be).  It  functioned  la  all  chaanele  but  one  up  to  ahock  arrival 

The  record*  caa  be  aaalyiod  la  a  straightforward  manner  (eacept  over  the  two  eurfacea  of  ivy  and  ftr 
where  turbulence  made  #ume  data  unreadable).  It  ie  believed  the  eyetem  meaaured.  with  an  accuracy  of 
at  ieaat  8  percent,  found- velocity  change#  near  the  ground  In  the  vicinity  of  •  nuclear  detonation 
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Appendix  B 

PHASE  AND  AMPLITUDE  CHANGES  DUE  TO 
INTERFERENCE  OF  SOUND  WAVES 


When  two  sinusoidal  wave*  are  added,  the  retailing  wave  la  another  periodic  (unction  If  the  original 
two  waves  have  the  same  frequency  but  differ  In  phase  by  an  angle  0.  the  aum  of  the  two  will  be  another 
alnuaoid  with  the  aame  frequency  but  with  a  different  phaae  angle#  Consider  the  two  functions: 

a  -  A  alnwt 

y  -  It  a»n  |«t  •  01 

Then: 

*  •  y  -  A  aln  „t  •  it  smut  •  0) 

-  A  am. I  •  ltalnwtcoac  •  Bcoawtaln0 

-  (A  •  It  cos  01  atnwt  *  It  sin  0  cos  -t 
Sow ,  let  the  sum  of  the  sinusoids  be  of  the  form: 

*  •  y  -  C  sln(wt  •  #  » 

C  sin  .1  cos#  •  C  cos.t  stn# 

Then: 

C  cos#  sin -I  •  Cain#  cos  „l  |A  •  B  cos  0)  sin. I  •  It  sin  £  cos*! 

By  separating  terms  In  aln.t  and  ccs.t: 

C  cos#  «  A  •  It  coa0 
C  sin  #  «  it  sin  0 


Therefore: 


ban  6 


It  nln£ 


A  •  11  cos  0 


0  Inn  n  *>n  ^ 

A  *  It  cos  0 

C  •{(A  •  llcos^i1  »  It1  sin1  oj1^1 
To  Ural  tile  maximum  0.  let: 

d# 

d0  ° 


Then: 


Therefore: 


d#  Aft  cos  0  »  B1  _ 
d0  /?  *  2AB  cos  0  ♦  U* 


0  AB  cos  0  *  Ir 
And,  for  0  to  bo  n  maximum: 

-B 


.  .  and  sln0fl _  (A1  -  B1)^1 

cos  0 q  A  max  =  .  — 
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Thro: 


too 


i  U  (A  -  B1)  1  * 

*i*  -  ?T 


|  •  ~90' 

9*mAX 

'max  -coi-'ll  -*"* 

A 

For  example.  let  U  *  l  and  A  *•  1®.  Therefore. 

U  _l 
A  1® 


Then: 


Therefore: 


co*  ^mu  -  -  0.0® 25 
*'max  -  93*35* 


•max  fc 


The  maximum  value  which  C  can  have  occur*  if  $  -  O',  Ihrn: 

C  <*  A  •  fl 

It*  minimum  value  occur*  If  £  *  1  sir,  then: 

c  *  a  -  n 

In  summary,  the  maximum  phase  shift  which  can  occur  when  two  sinusoids  of  the  lame  frequency 
are  added  .a*  tn  interference  of  sound  wavcsi  Is, 

» 


Where: 


9_-_  -  cos  '  —  -  9Cr 
“max  ^ 


A  and  II  -  titelr  amplitudes 


For  11  *  1  and  A  •  16.  0miu  *  3*  35*.  That  Is.  the  sinusoid  resulting  from  the  addition  of 
two  sine  waves  cannot  differ  In  phase  from  Its  larger  amplltucfc'  component  by  more  than  — 
in  this  case  3‘  35*  The  amplitude  of  the  resulting  sinusoid  cannot  differ  from  (he  amplitude  of 
Its  largest  component  by  more  than  I)  (arts  out  of  A  —  In  this  case  one  part  out  of  sixteen 
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Appgndii  C 

OPERATIONS 


Bad  weather  caused  considerable  Lardshlp  tad  delay  during  lh*  entire  Teapot  operation.  Extremely  low 
temperature*,  (ugh  wind*,  ano*  end  rain  damaged  the  equipment,  caused  sickness  of  the  pereonnel  and 
generally  hurt  moral*. 

Under  such  circumatancca,  any  equipment  which  (acUltate*  field  operation*  l«  always  welcome  To 
bou*e  fragile  electronic  equipment  on  the  bleat  line  at  range*  a*  do**  a*  1,000  feet,  the  Operation*  Divi¬ 
sion  at  NLL  developed  a  steel  instrument  shelter  (see  Figure*  C.l  through  C.3h  Navy  dock  pontoon*  were 
modified  for  this  purpose  A  watertight  hatch  ws*  welded  to  the  lop  of  the  pontoon,  and  mounting  bracket* 
for  holding  electronic  chassis  were  welded  u  the  ln*id*  rib*  Watertight  packing  gland*  for  admitting 


V 


Figure  C  l  Model  of  NEL  instrument  shelter  with  dimension*  of  full-size 
shelter  depicted 

cables  were  welded  to  the  sides  of  the  shelter,  and  ladder  rungs  were  tack-welded  Inside. 

When  personnel  worked  Inside  the  shelters,  s  transparent  door  made  of  lucite  replaced  the  steel  hatch 
cover  which  was  swung  back  out  of  the  way  The  units  were  painted  with  aluminum  paint  Inside  and  out; 
the  visibility  Inside  during  the  day  and  without  artificial  Illumination  was  quite  suitable  even  when  a  dust 
storm  was  raging  outside. 

The  shelters  did  not  loak  when  other  types  of  sheltors  were  flooded  during  a  rain  storm,  and  a  mini¬ 
mum  of  dust  seeped  into  the  equipment 

The  units  were  light  enough  in  weight  to  enable  transportation  by  truck  from  the  home  laboratory  In 
San  Diego.  Consequently,  electronic  equipment  was  fitted  Into  the  shelters  in  advance,  eliminating  the 
need  for  costly  changes  In  the  field. 

Many  used  pontoons  arc  now  available  at  Navy  bases  and  can  be  outfitted  for  little  more  than  the  coat 
of  cleaning,  welding,  and  painting  This  alteration  work  waa  done  at  NEL  for  approximately  $300  per  unit. 

Complete  specifications  and  drawings  for  these  shelters  can  be  obtained  by  writing: 

Commanding  Officer  and  Director 
U.  S.  Navy  Electronics  Laboratory 
San  Diego  52,  California 
Attn:  Mr  J.  N  Shellabarger 
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Appendu  0 

CALCULATIONS  OF  ATTENUATION 
OF  SOUND  IN  AIR 

There  arc  l»«i  properties  of  the  medium  which  cause  attenuation  of  a  sound  wave  in  air  The  flrat  of 
these  attenuation*  Is  caused  by  viscosity  and  heal  conduction  In  the  gas.  (hr  other  Is  bruughl  about  by 
molccutar  absorption  amt  dispersion  In  polyatomic  cases  Involving  an  exchange  tn  translational  and 
vibrational  energies  between  colliding  molecules 

htvtan  (Iteference  9,  I'oge  8?)  gives  an  expression  for  the  decrement  dor  to  heal  conduction  and 
viscosity 


0  143 


A 
K  I 


ilb  fl  -  0  0163 


neper  a/ft 


Where  A  wavrlrngth  In  feel 

A  (In  centimeters)  function  of  the  temperature  and  ts  found  from  a  graph 
I  Iteference  •*.  I’agr  C8( 


Consider  two  temperatures.  20’C  and  70'C  At  these  letnpc 


- 


A.. 


1123  ft  sec 
3  200  /arc 

1217  ft  sec 


71L  3200  sec 


0  33?  ft 

0  3<t0  ft 


Where  Cjs 
Ctl 
f 


velocity  of  sound  tn  air  at  20‘C- 
vcloclly  of  sound  In  air  at  70 *C. 
frequency  of  the  acoustic  signal 


Also,  from  Slvlan: 

A  n  49  •  H>  1  cm 

A  j|  G1  3  •  10  1  cm 


Therefore: 


O.OlfiS  »  19  •  10  1 
(0.352)1 


fi  54  •  |o  s  inpers  ft 


0.0165  •  61.5  »  10  ‘ 
(0  3H0|1 


7  01  •  10  J  nepers  ft 


To  determine  n  vntue  for  the  attenuation  caused  by  absorption  and  dispersion  due  to  molecular  colli¬ 
sion.  one  uses  Kneser's  nomogrnm  (Reference  9.  Page  65)  which  gives  the  decrement  ns  a  function  of 
tempernture,  humidity,  and  frequency.  Again  taking  the  two  lemperntures.  20*C  nnd  70“C,  nnd  n  rela¬ 
tive  humidity  of  30  percent  nt  20 *C,  the  nomogrnm  gives: 


=  0.911  *  10  5  nepers /ft 
m  * 

20 

6m  1.973  «  10  nepers/ft 
10 

The  total  decrement  6  then  Is: 
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And- 

6  *  (0  MS  *  10  *  •  0.911  *  10  ’inepcrs'ft 

*•  0,676  •  10  *  neper* 'ft 
6^  -  (0  070  *  10'*  •  1  973  »  (0  * }  otj»ri/ft 

*  2  043  »  10  *  nepcrs/ft 

1'or  I  he  4  6  -  foot  gap  b©t»een  horn*  the  attenuation  *uuld  be 

A  *  4  44  -  4  6  »  0  976  *  10  *  neper* 

*  is 

-  4  So  •  10  *  neper* 

A  -466  *46*2  043  •  10  *  neper* 

U  li 

*  9  40  .  10  1  neper* 

Therefore  the  attenuation  caused  by  absorption  and  dispersion  doe  to  molecular  collision*  and  by 
heat  conduction  and  viscosity  Increases  by  4  90*  10  *  nepers  *ben  the  temperature  of  Ihc  medium  in¬ 
creases  from  20 "C  lo  70*C 

The  Increase  In  attenuation  Is  0  5  percent,  slnw; 


-I  A  A  \  -  (9  40  .  10  1  -  4  50  •  10  *i 

e  ?i  n '  *  e 


4  90  •  10  * 


*  0.99S 
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Appendix  E 

ATTENUATION  OF  ACOUSTIC  SIGNALS 
MEASURED  IN  SHOT  12 


KiKurt'  K  I  Hrlatlvr  Hound  prriiurr  nmpliludr  v.  rnu»  hmr.  1000-fool  drftcrt 
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Figure  K.t  Relative  Hound  pressure  amplitude  versus  time.  2000-foot  desert 
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Tim#,  mice 


Figure  K.7  Relative  aouud  preMure  amplitude  veraua  lime,  2000-fool  fir  bough 


0  30  60  90  120  150  180  210  240  270  500  350  380  390  420  430  480  3*0 

Tim# ,  m**c 


Figure  E.8  Relative  sound  pressure  amplitude  versus  time,  2000-foot  ivy. 
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Appendu  r 

RECORDINGS  OF  RAW  DATA  MADE  BY 
PROJECT  1.5  SOUND  VELOCITY  METERS 


Time  number*  appear  on  laeae  data  curve*  To  determine  Ume  alter  detonation,  multiply  number  ap¬ 
pearing  at  inalant  o(  Inlercat  by  10  m*«c  For  greater  accuracy  u*e  relation  that  dlataneo  between  aplke* 
repreaenl*  10  m*cc  Timing  aplke*  are  regrettably  quite  (aim  in  many  caae*  becauac  o(  rapid  beam 
aacop  on  cathode  ray  lube  at  theae  time*.  However,  they  never  appear  far  from  the  envelope  minima 
and  ern  generally  be  aeen  t(  one  look*  carefully  !or  them 


J J**  V"<  i  «CT 

•5  '•  •  *  -I  .1  $  1 


Figure  F  1  Channel  10,  ilracrt,  1000-foot  ground  range.  1  '/,-fool  elevation 
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Shock  Arrivol 

Figure  F.2  Chnnncl  11;  desert,  1000-foot  ground  range,  3-foot  elevation. 
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Figure  F.3  ChAaivtl  12.  diMH,  1000-loot  ground  rug*,  l-foot  elevation 
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Shorh  Arrival 

Figure  F.4  ChAnnel  19;  desert,  2000-foot  ground  range,  l V, -foot  elevation. 
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Figure  F.6  Channel  21.  deaert,  2000-foot  ground  range.  6-foot  elevation. 
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Shock  Arrivof 

Figure  F.8  Channel  S,  asphalt.  1000-foot  ground  range,  3-loot  elevation 
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Figure  F.9  Channel  6;  asphalt,  1000-foot  ground  range,  6-foot  elevation. 
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Figure  F.  1 1  Channel  8;  aaphalt,  2000- toot  ground  range,  3-foot  elevation. 
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Figure  1  12  Channel  9,  aaphalt.  2000-foot  ground  rang#.  6-foot  elevation. 


Shock  Affivol 

Figure  F.13  Channel  2,  water.  1000-fool  ground  rang#,  3-foot  elevation. 


Figure  F.  14  Channel  3;  water,  1000-foot  ground  range,  6 -foot  elevation 
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Figure  F  18  Channel  23;  concrete,  2000 -foot  ground  range,  3-foot  elevation. 
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Figure  F.19  Channel  17;  whlt«  fir  bought,  2000-foot  ground  range  3-foot  elevation. 
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Figure  F.20  Channel  18;  white  fir  bougha,  2000-foot  ground  range,  6-foot  elevation. 
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Figure  F.21  Channel  13;  brouu  leaf  cover  (Ivy),  2000-foot  ground  range, 
l1/}- foot  elevation. 
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ShocH  Arrivol 


f  igure  F.22  Channel  14;  broad  leaf  cover  (Ivy),  2000-foot  ground  range, 
3-foot  elevation. 
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Figure  F.23  Channel  15,  broad  leaf  cover  (Ivy),  2000-foot  ground  range, 
6-foot  elevation. 
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Cllof.  of  Mo4n  •»  lt«  ©r4  V(Hf7,  aM-ir^’or. 

.  D.f  #  Ami  3|#:’Ul  0l». 

'*  ^.Uf.  of  Cr\trA.%e«.  J/S,  *o©Mfwr-.af>  D.f. 

#  a.:«r.  ►.r©*.  of  i/j,  >*,  d.c.  o* 

u4* 

^Mof.  >,ro©.  of  T©nt©  v4  tack#,  D/S,  VuMr^lor, 

Am*. 

i#r,  Ji*^ro<A.  of  ©4  Acca*n*.«,  D/>#  *©©Mr4- 

‘-op*.  ,  t.'*. 

'  'Iff,  b  ro*  .  of  AororA«if't.  7*>,  D.C. 

r>:#r  of  .%it©i  f«i«©rrhf  >j©r'wA  of  u#  ?a©r7 
-••Mf4tcr  S.C.  Am  Co«J#  8U 

*  '‘osrry  4#r  •  {•*'.  *  .1.  **a-:fjc  FU#' .  Flo*',  roo*. 

rr f Uo ,  An  Fr%nc*.#co.  "ol'.f. 

^  ronrAT4«r- {r.-O.lcf ,  *‘..1.  A*.l©r.#.tc  TIm'.,  *  .3.  Jtotol 
Vorfolc  11.  V©. 

ra*ro.*v4©r.'. ,  '..l.  H©rlf.«  or>o.  *©©Mr^*.or.  D.C. 

1*1:  r*u  AfHH 

It©* Uor.t ,  M.r..  Vat©!  -©r  Coll©*-©,  Vv^  r*.  p.t. 

.#  ’tnuiklri' ,  ..  ^©7©1  fo©'4fr©4 *©*•  School, 

Mor.*.©r©7,  ©lif. 

CorapAr4;r^  fflr©r,  '  ,1.  ?i©r©l  -cf  ool©  acxAr4f  ",.i. 
.^r©J  'V  lor.,  ?r©©«  ,r»  >l©r4,  aa  Fr©nc5©co* 
r©i:r. 

octat 4 'r/  rfl'tr,  .  .  Flo©*.  ?r©;r.lr.rf  C©n*©r.  ?i©v©l 
P©o©,  JiarfoU  U,  V©.  AT7*i:  {©cj©l  «©©;on«  .'chool 
*i-  CocrA%<t::4  T .  ©r  .■.  Fl©r*  ?r©lr.lr4  "©r.*©r .  *>v©l 
•a'.o..  nr,  l:vto  »#  ,  ‘©lif.  ATVi:  .Vj  .c ?.ool 

f  oct’a.’.U  ;  ,v  fr:  ©r,  Air  .•volojr-r.l  ]  .a  Jr  or  *  ,  \7-'  # 

.  V©v©  1  Air  ‘Aijr.t,  «off©**  Fi©14.  ©Uf. 
^oerAr.diry  r:  f  iccr ,  'tovnl  .a.  av©  Oor.trol  Tr© In l:v. 
r©r.*©r,  Vv  ©1  H©i»©.  M1a4©.}?:a  L,  I*© .  ATTN:  APT 

.ofor.nc  rn© 

CocTAr.Jor  ,  'iovol  c  rvL%Ar.c©  I aL or© to ry  ,  Jllv®r 

r,|  rlrv  1*.  V4.  at::!;  kk 

*'  Corrnntl©:  ,  M,.«.  !iovul  rdnn;  ©  jAlurMor/,  liver 
7j  r  I  rtf  !•*,  V4 .  A 777 ;  fj-: 

7’  CorrAntle.* ,  ?n»v©l  0rdr.fir.ee  iAlorntor*'*  liver 
7jr  tr.#.1  19,  Hd«  A77!i*.  P 

rosrA.*4©r,  ".7.  Jinval  rtrnr.  e  Tent  'n*  lot;,  rro'OKer;. . 
*h ir.n  Ia/.o .  fol!f. 

J  Officer- !r.-f‘v,©r»5o ,  Nnvni  71  -Ja  rY^lr.eorl.V  P®o. 
ar.d  Fval  .ft*  !or.  lAb.,  U.o.  ’IavoI  Conntr*ctlon  hat- 
^Alior.  fer/cr,  !‘oi  t  H^enerA,  Collf,  ATTN:  Colo  ,r>l 
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CummsAWI  If 'Iff.  .  .  *»•%',  *rtW«i  tMwfU  !w(. 

la'.  I,**.  l»i«i  ia4:«*l  foAlor,  >a  >‘aa4a  It,  Hi. 

5t  r*( ler .  Onai  Atr  tt  40  < :  w>  u  it*  »«*,,  Atr 
No'ortol  foaior,  >3,  *»<*.  i»_a  rt.lio4*li«.lo, 

KtKiat,  .4 .  »*•■*;  !•»•#«* 

,  iX,  irv  *i»  f»tr*r  a*  (■  C*** 

Cum^4m  **4  Mtwwf ,  f.t.  %»rj  lVitrwl« 

s**  .-to**  V,  *ltf. 

«■*  4 1  14  3,  «na.  FaUlola*  t<*l  i*fo»-»o 

i*A>  lo'-or} ,  £**  rtwtt*  .t  toltf  ini' 
!tiin»U>«  Jt«  ol«*s 

itof,  K/Mi  of  |  to,  *j  >  ,  IU  ’trftot 

5  »m. 

f«acw41ti  ffttor  w4  >lt»( <w ,  >  *  *  fc  U! 

tul>,  tuU^toiL  5(.  1  '  I  .  r»r; 

Cam aeUar,  3  »»•%,  Hr  o«o|,  ..«*w  ■  foator  ,‘-cr >* • 

» ;  *  U ,  ft 

il.fi.,  f  F—»t  f t,  3<v  /tv  .too.,  vU  • 
3fc«i»t.*jS*f ,  Vrfm.O  Va»a-  4-!»ofA,  rt-r'.a*.  t».. 

m  «.j*  m 

A.'»  Mi.  «  a,  TrrlT.E 


■  il  .  for  A',**1  > 

%at.  i.  .  ir*  ^ 


it ’.of  of  $•  *  aa4;  t^rrt,  it  *t»*  r 

.*,  5  .  in  ,ot«  •  'ni  •  » 

>tr«t«i  of  U-‘J  ,  “«o4 ,  -r  •  ' •  »  a/.  .«*  t* 

s.c.  im  «*»  u.**  . 

?!  r*;  ’.or  Of  ><•••  utt  '*-•••  t™n'  .  3  ,  *i«, 

'Xjj ,  •*».•  IV-Af  ".  A  *n  .me.*  » 

Mi . 

3: r*. *.or  o'  *•••;;  '  *-■  •**  a 

•«c,  t.  .  Am  at  n  ». 

JS*  &it**ae.  laoaro.,  MtVi  »•'  •  *J 

3.  ,  A7*X  Xto.  !•'  Fr . ,  to  wa,* 

Itt',  Cilrf  of  f*'f,  •  Miti  *.*•■!».  .  . 

A’.f  Forto#  E*ro(*.  A.’  fct  »*  *  ’  *”"X 

S>lro<*.or**,o  3'  *■'  Txr,o'.« 

C  KBAfuior  ,  WU  Fo-- <r.f.* '  •  •■on#  :  -ai  *%  *4rtr 

A.*l»«'.o4  ,  AJt  1  l>,  4r»  Jon,  %.T. 

C  mwa-iAo  r .  Far  I»,f  Air  Forra,,  A’  A*.  *.*.  Fwrimo. 

C»ttf.  Am  Ant,  'or  irunsr*  or,'  r»i 

funvhUr>i. -CV.of  nuiu  A:r  'woj»/:4,  ff.','-  *!r 

for  e#  !  t .  v*  •,  V*r*,i*  A  73  j*  t»l  •  oa{«r-, 

trwe  ,  if-*,*-", or  ?i  i  .  r-ajai'cr  «rara‘. 

CnmtTol',*,  TaetltaS  A,r  ora.  4,  .Aral  So >  AO,  •*. 

473'  iix  ms',1  •  rl’j  JrAV* 

CsonrAAi*.  ,  Air  *•«;•*  w*r*_-4.  !>.•  AO  <"olo. 

PoAMrcf,  ?! r •< ttm’.o ,  A.  t  ion,  Atr  fort*  tj*<t*I 
•  ■* ; ova  ^onlor,  3  f  lr  *  t •  Tot  •  Jo.**,  Hortro. 

attSs  3U*t  r.  -<•»  r  »•*  3 

i  amM.  r,  Atr  ■'•••a'  r  *•»»  .•to‘.oj«*n-  *aratrt.*v4 ,  i' 
v-t  l  r ,  s.t'i!  ,ro.  ■*•.,  Am!  »3CK 
CjmarZar ,  Air  iT-r^-Ai  .rwj-<d  '^AawrJ,  fVltn  ATfi,  Fl*, 
Am  A<1  ./Torn,  F.ftrf  fror-h 
Director,  Air  fntrorott  Ubrorj,  >0t.» «x l i  AFJi,  Al», 
foeratnior,  FIjIm  Trott  lr*  Atr  forro,  •f'Aco,  T»«. 

ATT*;  itroefor  of  CAo»-»t,r  Troll  I M 
Coo2*n4f,  Frov  Tratntr.:  Atr  Wfo,  *»r4olff,  Ftold, 

Toi .  Am:  ?<73,  JT  . 

Ctram^iini ,  Atr  l.vr  ?  Mool  of  ATtolton  K*3lelr.o, 
fOirvlvlpr.  ATS,  To*. 


C«MM4af ,  WrUM  Atr  >»olO|«!«M  f«i«r,  #rt*s 
Nf.*r*aa  A/t,  3»/>.ab,  0.  Am  utu: 

Cc rnmfuiar,  Atr  f«r:<  Cwtrl^o  »****r  a  !«*'•»,  U 
UiAro*  Fl«U,  t*4-'or4,  «»**.  Affti  TK^j-F 
CmwfArf,  Air  Fore*  3f  «f  to!  im^ka  for  tor  ItrUrJ 
AF>,  >.  «k«.  Ams  U»r%r 
I  *na.-4*  ■ ,  Umty  vn  t  J*mor ,  o«* ,  a !*A*rf*r»ir.t 

Of  Sfwctol  )>•*».«*  frot*t«4 
I  awrtfAUr,  UiJ/tA  i(*rt«t  o******  ScjaUm,  fo*4 
tAOr'.aro,  T'ALf ,  •«*•  :r4t<*  <r  .  3 

FA.10  C«r»cr»‘. ,«a,  ! *•»!*  otno*.  **At*  *not«*, 
Collf.  Am  *A(U*r  Umt40  3t»»*:«r. 
t  .*«*.- J*  •; ota!  Atr  Fort*.  t*r « «4* ;«  ATI,  Jw-.a-oa*, 
*m  tt*r«lttfv<  boijtlr  ff |<* 

C«m.*J>r ,  It<M?.  Atr  forto  wt!>««i  Af»,  ««•  AM 
.(•ItUuti  Aa*'/*!«  fflco 
omantor,  F|ffow>.i\  Atr  furt* ,  %i<t  u'i  *S.f 
Am  (tarttiw.i  Ar«S;«,«  fft  » 
rt*nna.*4or ,  nttm  ;tn ia|i»rt  it,  ajm  ,  *  J»“4 

«*>'  im  wj  >  ,  Mil! 

■r“i>  t.ifwr  t  .nix  i  a.  *i  -  t 

A*,'.,  t'  ,'*t ,,  haiMri  ,,'4  .O'tltfwrt, 

3,„.  •*,  r^'.of.  .  A-' "i  "o  ».l  r*r>; 

.  ,  .!*'  Jor.t ,  '  •  o'  •„  o  wo*.  ,or*# 

tr  ,  a  (  t«,  o  Mt.  ,!  i«,  .  i  t  A.*  ,  Taa  '  or  i  , 

*. ! 

i-ti  'or,  aa,  uta  efoioi  f,«i  *'  ,u  -'a,,  .,  Fi 

f,  ,  .  ,*s 

Anj»|  »r>  «>  tiiin  in  »fo*  ftMor^,  r*»,  >*ti4ira 

;•  . totally  o  *■..  «v»*  rf'.or"  .  J, 

i  .«*•*.  •  Irrrmi  for  o<  'a'f  o,iWt,  V«r'oi*  Si. 

la  A  '■*  a  »o'*r- 

r  »J4  irtwoA  r»r»oa  :s««:a 

•**,**«  n»  «(•,  •  v,  'S  i  ,  Allvt-ori.*,  *  rot 
omtralor.  f  ;ol4  t  inx4  forrsa  l|«!al 

•Mj<n  ns,;,it,  t  tui  Sj  .  i|‘ ,|*r)  •  *  *’» 

Am  To'-'t'.!'*!  Trota'r^  rt».f 

mmnrvlor  ,  F  ,  iFAJ,  F  %  t  *  .  A  ,  '  U>*t«ar  )•“>, 

3.J*.  A '“3  1  o'  f  t’.fc'f,  (aa.cA 

t'foeto  *oo*,o 

"*  ,f.  Arr»J  Forro<  aaajor*  r-j  *  ♦M'tr*  or- 

*,  T.f  A~n  i.fcran  rv*» 

'f!co  of  I  »  Jo-;' » ;  <oi  rof.oro'o  of  l- 

Jot'a,  FtolA  '‘anrotv'4,  if  t>  ,  i»  fta,  ■ 

»*rlo  art,  ai.f.  Am  :»  t.  »  :kS! 

atchtc  rxi> n  a»o»:.r.:t»  Aa~Tr*  rr:c 

•  .3.  AtosAc  tforo  Canjratar.,  Cl*ootflo4  Jo;Atlfoi 
Ukrorjr,  i»;l  Cor*'.tttitor.  Aro  ,  voo*.tr-f*.or>  FI.  5*  • 
Amt  Jtro.  J.  «.  C'U*rr  (For  iXA 
To#  AIaso*  SCor.'.tflc  Ut  rrofory,  Fopor*.  Uttfof7.  ** 

:  it  UX),  To,  Aioao,,  X.  Moi  Am  Foion  tatmf. 

TruvAto  srsoro*. ter, ,  CUo,tft»3  Try  raf  ifotolon, 

,W*At«  i«*o ,  X.  Moi ,  Am  ‘tert If. 

U.core 

"nttarrif;  of  folt'orr!o  M4  a'tor  irttoro'-orj ,  *  3  a 
'V-f*,  t.tromuro .  ottf.  A~“X  Sort,  ..  r  rotf 
,oa,tr.  i»’*  ot'ftorv,  Tot’r.t'oi  *r.fort»Mon  •rrtco  > 
*on»t"»..  *«  Ft4^»,  “or*. 

7of*ntcoi  infomif tor  arrt  •  Ij'ar.rtr1,,  1,1  Ftdi'o,  "of*, 
■aiti.r) 
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